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USSR Space Life  Sc iences  Diges t :  Number 1 Reader Feedback Forn: 

To our  readers: We are working i n  a large number of  h igh ly  
t e c h n i c a l ,  s p e c i a l i z e d  a r e a s  f o r  which adequate  Russian-English 
g l o s s a r i e s  have y e t  t o  be compiled. He a s k  your  h e l p  i n  
improving  t h e  accuracy  and s p e c i f i c i t y  o r  our  Eng l i sh  terminology.  
Please fill o u t  t h e  form below whenever you encounter  an 
incomprehens ib le ,  incongruous,  awkward o r  o t h e r w i s e  i n a p p r o p r i a t e  
term. While w e  s o l i c i t  a l l  sugges t ions  f o r  improved r ende r ings ,  
the s t a t e m e n t  t h a t  a term i s  i n a p p r o p r i a t e  provides  us  w i t h  
u s e f u l  i n f o r m a t i o n ,  even when no better a l t e r n a t i v e  can be 
suggested.  A copy of  t h i s  form w i l l  appear  i n  all f u t u r e  issues 
of t h e  Digest. Thank you f o r  your help. 
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FROM THE EDITORS 

T h i s  is t h e  e i g h t h  i s s u e  of t h e  USSR Space Life Sciences Digest, which 
I n c o r p o r a t e s  a few minor changes i n  fo rma t :  first, t h e  first nuuber  i n  
pa ren theses  i n  each abstract d e s i g n a t i o n  (i.e., t h e  number p reced ing  
"/86") w i l l  h e n c e f o r t h  refer t o  Digest I s s u e  #, and nnf; t o  month of i s s u e  
submission,  as i t  d i d  previously.  Second, i n  zccordance w i t h  NASA 
research c l a s s i f i c a t i o n  terms, t h e  c a t e g o r y  p r e v i o u s l y  called "HEALTH AND 
REDICAL TREATMENT" w i l l  now be d e s i g n a t e d  "OPERATIONAL MEDICINE." T h i r d ,  
a new ca tegory ,  "EQUIPMENT AND INSTRUIIENTATION,n h a s  been added as a 
r u b r i c  for p r e v i o u s l y  u n c l a s s i f i a b l e  space l i f e  s c i e n c e s  a r t ic les .  
A t t e n t i o n  is  called t o  t h e  announcement of t h e  Eng l i sh  t r a n s l a t i o n s  of two 
S o v i e t  space  l i f e  s c i e n c e s  books, which w i l l  i n t e r e s t  many of o u r  r eade r s .  
We would l i k e  t o  acknowledge t h e  i n v a l u a b l e  h e l p  of Mr. T i m  Rowe of N A S A ' s  
S c i e n t i f i c  and Techn ica l  I n f o r m a t i o n  F a c i l i t y ,  who has  been r e s p o n s i b l e  
f o r  keeping us informed abou t  t h e  a v a i l a b i l i t y  o f  t r a n s l a t e d  books. 

P l ease  a d d r e s s  correspondence t o :  

D r .  Lydia Hooke 
Management and Techn ica l  S e r v i c e s  Company 
600 Maryland Ave. SW 
S u i t e  209, West Wing 
Washington, DC 20024 
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ADAPTATION 
[See also: Ebdy F l u i d s :  M88; Human Performance: P355; Metabolism: M89; 

MONOGRAPH : 
Neurophysiology: P 339 1 

M87(8/86) Agadzhanyan NA,  e d i t o r .  
A d a p t a t s i y a  c h e l o v e k a  i z h i v o t n y k h  k e k s t r e m a l ' n y m  u s l o v i y a m  
vneshney s r edy :  Sb. nauchnykh t rudov 
[Adaptation of humans and a n i m a l s  to e x t r e m e  environmental conditions]. 
Moscow: I s d a t e l ' s t v o  U n i v e r s i t e t a  druzhby narodov; 1985. 
[184 pages; 13 tables;  61 f i g u r e s ;  255 r e f e r e n c e s ;  91 i n  E n g l i s h ]  
A f f i l i a t i o n :  U n i v e r s i t y  of F r i e n d s h i p  Among Peoples ,  EIoscow 

Key Words: Adapta t ion ,  Biorhythms, Hypoxia, Hyperthermia,  P h y s i c a l  
Exe r t ion ,  Ca rd iovascu la r  System 

Annotation: T h i s  c o l l e c t i o n  c o n t a i n s  t h e o r e t i c a l  and e x p e r i m e n t a l  material 
examining  v a r i o u s  aspects o f  t h e  a d a p t i v e  process i n  biological sys tems a t  
v a r i o u s  l e v e l s  of o rgan iza t ion .  Emphasis  is placed on human a d a p t a t i o n  t o  
v a r i o u s  env i ronmen ta l  c o n d i t i o n s  -- hypoxia, hypercapnia ,  and phys ica l  
exe r t ion .  O the r  t o p i c s  i n c l u d e  t h e  effects of v a r i o u s  env i ronmen ta l  
factors on biological rhythms a t  the c e l l u l a r  and o r g a n i s m i c  l e v e l s ,  
I n d i c a t o r s  of t h e  t o l e r a n c e  of i n d i v i d u a l  a n i m a l s  t o  ex t r eme  factors are 
analyzed. Th i s  book is i n t e n d e d  for  p h y s i o l o g i s t s  and ecologists 
i n t e r e s t e d  i n  a d a p t a t i o n  and chronobiology. 

CONTENTS 
(Numbers i n  pa ren theses  refer t o  page numbers i n  t he  o r i g i n a l . )  

Foreword ( 3 )  

Bashkirov AA. P h y s i o l o g i c a l  mechanisms unde r ly ing  a d a p t a t i o n  t o  hypoxia  (10) 

Shchel ' t syn  LK. C o r t i c o f u g a l  effects on t h e  r e t i c u l a r  f o r m a t i o n  and cardiac 
rhythm ( 2 8 )  

Aleksandrova SS, Shevchenko LV, Yelfimov A I .  Morphological and f u n c t i o n a l  
i n d i c a t o r s  of the  t o l e r a n c e  of i n d i v i d u a l  an ima l s  t o  hypoxia  (57) 

Agadzhanyan N A ,  et al. Characteristics of r e g u l a t i o n  o f  t h e  
cardiorespiratory sys tem d u r i n g  a d a p t a t i o n  of humans t o  q h o t  climate (82) 

Lizunova 11. Characteristics of thermal r e g u l a t i o n  of i n h a b i t a n t s  of 
v a r i o u s  climatic r e g i o n s  d u r i n g  a d a p t a t i o n  t o  a moderate climate ( 9 8 )  

Eshchenko VV. The f u n c t i o n i n g  o f  the human body d u r i n g  prolonged work 
under  extreme c o n d i t i o n s  i n  caves  ( 1  17) 

Agadzhanyan N A ,  Vlasova I G ,  Alpatov AM. Adapta t ion  and biorhythms (138)  
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BIOLOCICAL RHYTHMS: See Adapta t ion :  M87; Opera t iona l  Medicine: P324 

BIOSPRERICS 
[See a l s o :  Exobiology: PI921 

MONOGRAPHS: 

M95 ( 8/ 86 1 Gerasimov IP .  
Geographical Prognostication: Problems and Prospects. 
Iioscow : Progress  ; 1986. 
A f f i l i a t i o n :  USSR Academy o f  Sc iences .  

NB: T h i s  book was publ i shed  i n  E n g l i s h  A t  p r e s e n t ,  we have uncovered no 
re l iable  source of copies .  When we do succeed i n  f i n d i n g  one, w e  w i l l  
n o t i f y  our readers. Annotat ion and c o n t e n t s  are reproduced,  w i t h  
s t y l i s t i c  r e v i s i o n s ,  from t h e  Eng l i sh  o r i g i n a l .  

Key Words: Biosphe r i c s ,  Geographica l  P r e d i c t i o n s ,  Climate, Ecology 

Annotation: The  growing p r e s s u r e  e x e r t e d  by human a c t i v i t y  on t h e  
b iosphe re  makes t h e  i n t e r a c t i o n  between v a r i o u s  b iosphe rg ic  components and 
Ea r th ' s  mantle i n c r e a s i n g l y  complex, w i t h  some areas showing s i g n s  of  
impending e c o l o g i c a l  crisis. V i r t u a l l y  a l l  n a t i o n s  have r e a l i z e d  t h e  
s e r i o u s n e s s  of t h i s  problem. 

T h i s  exp la ins  why, throughout  t h e  world,  geograph ica l  s c i e n c e  h a s  focused  
on t h e  s o c i a l  consequences of t h e  r e l a t i o n s h i p  between man and n a t u r e ,  and 
on how t h i s  r e l a t i o n s h i p  i n f l u e n c e s  p r e d i c t i o n  of  t h e  geograph ica l  f u t u r e .  
Such geographica l  p r o g n o s t i c a t i o n  i n v o l v e s  p r e d i c t i o n s  of  f u t u r e  t r e n d s  i n  
geographica l  s c i e n c e  i t s e l f ,  as well as of the f u t u r e  development of the 
l andscape  mantle  and its i n d i v i d u a l  components and subsystems.  A 1  though 
geographica l  p r o g n o s t i c a t i o n  h a s  so far  f a l l e n  far  s h o r t  of s o c i e t y ' s  need 
f o r  such  in fo rma t ion ,  S o v i e t  geographers  have been cited a t  many 
i n t e r n a t i o n a l  confe rences  on geography as being o u t s t a n d i n g  c o n t r i b u t o r s  t o  
t h i s  f i e l d .  

The a r t i c l e s  i n  t h i s  c o l l e c t i o n  p resen t  S o v i e t  research i n  t h e  f i e l d  o f  
geographj  P, pi -ognos t ica t ion  by a u t h o r s  who i n c l u d e  such l e a d i n g  exponents  
o f  S o v i e t  geographica l  s c i e n c e  as I. Gerasimonv, S. Schwartz ,  and F. 
Davi taya,  f u l l  members of t h e  USSR Academy o f  Sc iences ,  and M. Budyko and 
V. Kotlyakov, cor responding  members of  t he  Academy. 

CONTENTS 
(Numbers i n  pa ren theses  refer t o  page numbers i n  t h e  o r i g i n a l . )  

[Chapter  headings a r e  rendered  as publ i shed .  I 

I n t r o d u c t i o n  (5) 

Problems i n  long-  term geograph ica l  p rognos t i ca t ion .  T. Zvonkova, Yu. 
Saushkin ( 1 1 )  

Prognos t i ca t ion  and geographica l  sc ience .  D. Armand, I. Gerasimov, V. 
Preobrazhenskiy ( 23) 



BIOSPHERICS 

M95 

[The] s c i e n t i f i c  and t e c h n o l o g i c a l  r evo lu t ion  and S o v i e t  geography. I. 
Gerasimov, w i t h  V. Annenkov, F. Davitaya,  0. Konstaninov, Ya Mashbits ,  V. 
Po ks  h i  shevsk i  y , V. Preobraz henski  y , A. Ryabc h i  kov. 

T h e o r e t i c a l  p r i n c i p l e s  of  g l o b a l  e c o l o g i c a l  p rognos t i ca t ion .  S. Schwar tz  
(49 )  

Coming c h a n g e s  i n  t h e  climate.  M. Budyko, K. V inn ikov ,  0. Drozdov,  N. 
Yefimova (62)  

Futu re  changes i n  t h 8  c l i m a t e  and t h e  f u t u r e  of g l a c i e r s .  M. Grosswald,  V. 
Kotlyakov (80) 

Technogenesis  and the problems of  geochemical landscape  p rognos t i ca t ion .  
M. Galzovskaya ( 9 4 )  

Geographica l  a s p e c t s  o f  p r o g n o s t i c a t i o n  o f  t h e  environment o u t s i d e  t h e  
S o v i e t  Union. Yu. Yermakov, A. Ryabchikov, V. So ln t sev  (103)  
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BIOSPHERICS 

CONFERENCE REPORT 

CR3(8/86)Vedeshin LA, Yegorov VV. 
I n t e r n a t i o n a l  c o l l a b o r a t i o n  i n  the "Interkosmos" Program for the s t u d y  of 
t h e  E a r t h  from space ( i n  honor of t h e  1 0 t h  a n n i v e r s a r y  of t h e  working 
group of s o c i a l i s t  n a t i o n s  on remote s e n s i n g  of  t h e  E a r t h )  
I n :  I s s l edovan iye  Z e m l i  uz Kosmosa. 
1986 ( 3 )  : 117-1 19. 

Key Words: Biosphe r i c s ,  Interkosmos,  Remote Sensing,  M u l t i s p e c t r a l  
Photographs, Salyut-6 , Salyut-7 

[ A r t i c l e  t r a n s l a t e d  i n  f u l l . ]  

On 1-5 October 1985 t h e  XVIII th  r e g u l a r  meet ing  of  t h e  leaders of  t h e  
n a t i o n a l  Coordina t ing  agenc ie s  of the  n a t i o n s  p a r t i c i p a t i n g  i n  
t h e  "Interkosmos'' program, was he ld  i n  Moscow, as mandated i n  t h e  
Agreement f o r  C o l l a b o r a t i o n  i n  Research on and U t i l i z a t i o n  o f  Space f o r  
Peacefu l  Purposes.  

P a r t i c i p a n t s  a t  t h e  meet ing  d i scussed  and approved t h e  major r e s u l t s  o f  
the a c t i v i t i e s  of t h e  Working Group o f  S o c i a l i s t  Nat ions  on Remote Sens ing  
of  the Earth (RSWG) ,  t h e  p lan  f o r  j o i n t  r e s e a r c h  and expe r imen t s  i n  remote 
s e n s i n g  f o r  1986-1990, a s  well  as a m u l t i d i s c i p l i n a r y  p r o j e c t  -- "Priroda" 
[Nature]  -- which r e q u i r e s  t h e  development of a supe r  h igh  f requency  
r a d i o m e t r i c  corn plex,  an i n f r a r e d  spec t ro rad iome  t r i c  com plex  ("Is tok- 1 'I), 
and a m u 1  t i c h a n n e l  s p e c t r o r a d i o m e t r i c  i n s t r u m e n t  f o r  t h e  s tudy  of t h e  
Pacific Ocean, t h e  a tmosphere and t h e  Earth 's  mantle. 

I n  1985 t h e  RSWG marked i ts  10 th  anniversary .  A t  i ts first tceeting, which 
took place i n  A p r i l  1975 i n  Baku, members adopted a program and p l an  f o r  
s c i e n t i f i c  research, and de f ined  t h e  o r g a n i z a t i o n  of  t h e  working group. 
The a c t i v i t i e s  of t h e  RSWG a r e  d iv ided  i n t o  3 s e c t i o n s  which are f u r t h e r  
d iv ided  i n t o  9 research t h r u s t s .  Each annual  meet ing  of  the RSWG, which 
takes place on a r o t a t i n g  basis  i n  each of t h e  p a r t i c i p a n t  n a t i o n s ,  
is  devoted t o  d i s c u s s i o n  of  t h e  s c i e n t i f i c  program and annual  work p l a n s  
and t o  p r e s e n t a t i o n  of s c i e n t i f i c  papers  and r e p o r t s  on t h e  r e s u l t s  of 
exper iments  and research performed d u r i n g  the  year. 

During i ts  first 10 yea r s ,  t h e  RSWG developed and implemented a number of 
i n t e r n a t i o n a l  s c i e n t i f i c  and t e c h n o l o g i c a l  p r o j e c t s  o f  methodologica l  and 
p r a c t i c a l  importance.  Specialists from t h e  USSR and GDR developed a new 
method and new i n s t r u m e n t a t i o n  f o r  o b t a i n i n g  mu1 t i s p e c t r a l  space  
photographs of t h e  Earth's sur face .  The m u l t i s p e c t r a l  space a p p a r a t u s  
MKF-6, which s u c c e s s f u l l y  passed its f l i g h t  tests i n  t h e  "Raduga" 
[Rainbow] exper iment  on t h e  "Soyuz-22" manned s p a c e c r a f t  i n  September 
1976, t oge the r  w i t h  t he  MSF-4 mult ichamber  s y n t h e s i z i n g  p r o j e c t o r  f o r  
process ing  m u 1  t ispectral  photographs,  were manufactured i n  t h e  "Karl 
Heine" n a t i o n a l  e n t e r p r i s e  i n  GDR. The modif ied MSF-6M a p p a r a t u s  was used 
on board t h e  "Salyut-6" and nSalyut-7" s t a t i o n s .  M u l t i s p e c t r a l  photographs 
obta ined  w i t h  t h e  MSF-6M were used by 195 o r g a n i z a t i o n s  w i t h i n  16 
m i n i s t r i e s  and depa r tmen t s  of t h e  USSR. The MSK-4, an a i r c r a f t  ana logue  
of  t he  MSF-6, was used e x t e n s i v e l y  i n  t h e  aircraft  l a b o r a t o r i e s  o f  the 
s o c i a l i s t  na t ions .  The MKF-6M and MSK-4 were used i n  m u l t i d i s c i p l i n a r y  
aerospace expe r imen t s  on t h e  s c i e n t i f i c  proving  ground ( tes t  bed) of 
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BIOSPXERICS 

CR3 

Bu lga r i a ,  Hungary, Viet Nam, GDR, Cuba, Mongolia, Poland, USSR and 
Czechoslovakia.  The r e s u l t s  of t h e  experiments  performed u s i n g  t h e  PIKF-6 
a p p a r a t u s  were p resen ted  i n  a number of books: n1Soyuz-61 S t u d i e s  t h e  
t h e  Earth" (USSR, Bu lga r i a ) ,  "Remote Sensing of t h e  Earth from Space" 
(USSR, GDR),  " 'Salyut-6' S t u d i e s  the Biosphere" (USSR, Hungary), t h e  a t l a s  
"Decoding Aerospace Photographs of  E a r t h .  Me thodology and Resu l t s "  (USSR, 
GDR) ,  a map o f  t he  contour  l i n e s  and r i n g  s t r u c t u r e s  o f  t h e  s o c i a l i s t  
n a t i o n s ,  and a l s o  a number of j o i n t  s c i e n t i f i c  and t e c h n o l o g i c a l  r e p o r t s  
on completed expe r imen t s  and programs. 

I n  t h e  per iod  between 1978 and 1981, i n t e r n a t i o n a l  crews from t h e  socialist  
n a t i o n s  p a r t i c i p a t e d  i n  remote s e n s i n g  exper iments  on t h e  11Salyut-611 space  
s t a t i o n .  The RSWG w a s  r e s p o n s i b l e  f o r  developing t h e  "Spektr-15" 
s p e c t r o m e t e r  ( E u l g a r i a )  and t h e  small cameras "Praktika-EMll and "Pentakon- 
6" (Germany) f o r  these exper iments ,  as well as f o r  the research methodology 
and program. Concurren t ly  w i t h  t h e  surveys made from the  " S a l y ~ t - 6 ~ ~  s t a t i o n  
o f  t h e  t e r r i t o r i e s  of  the n a t i o n s  p a r t i c i p a t i n g  i n  t h e  i n t e r n a t i o n a l  
f l i g h t s ,  s u b s a t e l l i t e  o b s e r v a t i o n s  and measurements were recorded  of 
s p e c t r a l ,  p h y s i c a l  and biochemical c h a r a c t e r i s t i c s  of  n a t u r a l  format ions .  
The expe r imen t s  begun on the  *%alyut-6" were cont inued  on t h e  Y i a l y ~ t - 7 , ~  
u s i n g  t h e  "Spektr-l5M," 11Praktika-B200,n KKF-6M and MKS-M spec t romete r .  

I n  a d d i t i o n  t o  the work performed on the nSalyut t l  s t a t i o n s ,  t h e  RSWG was 
r e s p o n s i b l e  f o r  expe r imen t s  related to  the Pacific ocean, and ice and snow 
cover ,  as well as f o r  mon i to r ing  of  t h e  atmosphere i n  t h e  v i s i b l e  and 
s u p e r  high f requency  bands of  the  spectrum from the  unmanned "Interkosmos-  
20" (1979) and 111nterkosmos-21n (1981) s a t e l l i t e s .  The on-board equipment 
inc luded  the  MKS s p e c t r o m e t e r  (GDR and USSR), t h e  P-225 s u p e r  h igh  
f requency  r a d i o m e t e r  (USSR) and t h e  SC-R magnetometer (Romania, USSR), 
and a l s o  t h e  SSPI sys tem f o r  g a t h e r i n g  and t r a n s m i t t i n g  i n f o r m a t i o n  
(Hungary, GDR, USSR, Czechoslovakia).  The ground-based p o r t i o n  of the  
SSPI sys t em c o n s i s t e d  o f  buoys and platforms.  Spec ia l i s t s  from Bulga r i a ,  
GDR, USSSR and Czechoslovakia compiled the c o l l e c t i o n  "Resu l t s  o f  
Experiments  on t h e  11nterkosmos-201 and 1-211, publ i shed  i n  G D R  i n  1984, 
as  well as a series of p u b l i c a t i o n s  i n  t h e i r  own and Western jou rna l s .  

I n  1980, a n  exper iment  w i t h  t h e  "Fragment" m u l t i s p e c t r a l  s cann ing  sys tem 
(MSS) w a s  begun on the "Meteor" s a t e l l i t e .  T h i s  a p p a r a t u s  was developed a t  
t h e  I n s t i t u t e  o f  Space Research of t h e  USSR Academy of Sc iences ,  w i t h  t h e  
p a r t i c i p a t i o n  of  s p e c i a l i s t s  f rom GDR,  who developed t h e  r e f l e c t i n g  
lens .  P rocess ing  o f  i n f o r m a t i o n  ob ta ined  w i t h  t h e  "Fragment" MSS was 
performed by special is ts  from Bulga r i a ,  Hungary, GDR,  Poland, Roumania, USSR, 
and Czechoslovakia.  During t h e  per iod  from 1980-1984 a large volume of  
i n f o r m a t i o n  was o b t a i n e d  w i t h  t h e  nFragmentV1 MSS from t h e  nMeteorn 
satel l i te .  Specialists from t h e  GDR, USSR and Bu lga r i a  are now u s i n g  t h i s  
i n f o r m a t i o n  t o  compile  a second volume of t he  atlas,  "Decoding o f  
Mu1 t ispectral  Aerospace Photographs.t1 

I n  1981, t o  comemorate t h e  1300th anniversary  of  t h e  e s t a b l i s h m e n t  of t h e  
Bu lga r i an  state., special is ts  from Bulgaria and t h e  USSR performed a space  
exper iment  on t h e  s tudy  of  t h e  Earth's n a t u r a l  r e s o u r c e s  from the "Meteor- 
P r i roda"  sa te l l i t e ,  us ing  t h e  "Tangraw system. T h i s  system inc luded  t h e  
SMP-32, a Bu lga r i an  32-channel spec t romete r  f o r  t he  v i s u a l  and i n f r a r e d  
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bands, t h e  B u l g a r i a n  RM-1 s u p e r  h igh  frequency radiometer ( 4  cm), as well 
a s  t h e  S o v i e t  RM-2 s u p e r  h igh  frequency r a d i o m e t e r  (0.8, 1.35 and 1.6 cm) 
and the S o v i e t  MSU-S i n t e r m e d i a t e  r e s o l u t i o n  scanner.  I n f o r m a t i o n  from t h e  
la t ter  i n s t r e u m e n t  i s  t r a n s m i t t e d  t o  autonomous r e c e p t i o n  p o i n t s  i n  Sofia 
and Moscow. During t h e  pe r iod  t h e  s a t e l l i t e  was i n  o p e r a t i o n ,  from 1981 t o  
1983, Bulgar ian and S o v i e t  s p e c i a l i s t s  o b t a i n e d  a l a r g e  volume of  
s c i e n t i f i c  i n f o r m a t i o n ,  i n  p a r t i c u l a r ,  s e v e r a l  m i l l i o n  spec tog rams  of s o l a r  
r a d i a t i o n  reflected from t h e  Earth's s u r f a c e  i n  an  area e x t e n d i n g  from t h e  
Polar Circle t o  North Africa and from the  Alps t o  the  Urals, and a l s o  
s p e c t r a  o f  t he  s u p e r  h i g h  f r equency  r a d i a t i o n  emitted by t h e  Earth 's  
surface.  The r e s u l t s  o f  t h i s  expe r imen t  were p resen ted  i n  a c o l l e c t i o n  of 
s c i e n t i f i c  p a p e r s  "Remote Sens ing  of  t h e  E a r t h  from t h e  'Meteor -- P r i r o d a '  
s a t e l l i t e .  

I n  r ecen t  y e a r s  there has been a tendency i n  t h e  RSWG t o  move away from 
i n d i v i d u a l  space  o r  aircraf t-based e x p e r i m e n t s  toward l a r g e  scale 
i n t e r n a t i o n a l  projects i n  t h e  s t u d y  o f  geosystem dynamics,  t h e  Pac i f ic  
Ocean, and closed b o d i e s  o f  water, and a l s o  of g e o l o g i c a l  f o r m a t i o n s  and 
processes.  Such an approach f ac i l i t a t e s  i d e n t i f i c a t i o n  of the  s p a t i a l -  
temporal dynamics of  development and i n t e r a c t i o n  among the  n a t u r a l  
e n t i t i e s  f o r m i n g  geosystems. I n  1983-1 985, t h i s  program i n c l u d e d  
i n t e r n a t i o n a l ,  i n t e r d i s c i p l i n a r y  ae rospace  e x p e r i m e n t s  such  as "Black 
Sea-83, -84 and -85," "Gyunesh-84" and "Kursk-85.'' A g r e a t  deal of  
expe r i ence  was ga ined  i n  the  i m p l e m e n t a t i o n  and management of  
m u l t i d i s c i p l i n a r y ,  m u l t i l e v e l  expe r imen t s ,  and a theoretical basis  for 
s tudy ing  v a r i o u s  t y p e s  of geosystems was developed and tested. The da ta  
from these e x p e r i m e n t s  are c u r r e n t l y  be ing  p rocessed  by s p e c i a l i s t s  o f  t h e  
n a t i o n s  c o o p e r a t i n g  i n  llInterkosmos.ll 

The work p l a n s  for the  next  5-year p e r i o d  s t i p u l a t e  a c o n t i n u a t i o n  of 
r e s e a r c h  w i t h i n  t h e  framework of i n t e r n a t i o n a l ,  m u l t i d i s c i p l i n a r y ,  goal- 
d i r e c t e d  p r o j e c t s  and programs t o  deve lop  new technology f o r  o b t a i n i n g  and 
p rocess ing  i n f o r m a t i o n ,  t o  improve and o p t i m i z e  methods f o r  thematic 
p rocess ing  and i n t e r p r e t a t i o n  o f  remote s e n s i n g  data. 

A l l  these i s s u e s  were examined and d i s c u s s e d  thoroughly a t  t h e  XI th  mee t ing  
o f  t h e  RSWG (Havana, 12-18 May 1985). A r e s o l u t i o n  was adopted a t  t h a t  
s e s s i o n  to deve lop  i n  1986-1990 a large i n t e r n a t i o n a l  s c i e n t i f i c -  
t e c h n o l o g i c a l  p r o j e c t  l e a d i n g  t o  t h e  c r e a t i o n  o f  a s u p e r  h igh  f r equency  
r a d i o m e t r i c  system, an  "Istok-1" i n f r a r e d  system, a s p e c t r o m e t r i c  a p p a r a t u s  
of  t h e  M K S  t y p e  and a n  onboard system for numer i ca l  data processing.  I n  
a d d i t i o n ,  a t  t h i s  mee t ing  t h e  S o v i e t s  proposed t h a t  f a c i l i t i e s  be 
es tab l i shed  i n  t h e  n a t i o n s  p a r t i c i p a t i n g  i n  t h e  RSWG f o r  r e c e i v i n g  
s c i e n t i f i c  i n f o r m a t i o n  o b t a i n e d  w i t h  a s i d e - l o o k i n g  radar and low 
r e s o l u t i o n  MSU-E: t y p e  scanne r  f rom t h e  "Kosmos-1 500 and -1 602" sa te l l i t es ,  
and j o i n t l y  p r o c e s s i n g  and i n t e r p r e t i n g  t h i s  data. 

A s c i e n t i f i c  s e m i n a r  and e x h i b i t i o n  of "Techniques and Technology f o r  
Remote Sensing of  t h e  Ear th"  are planned fo r  the  up-coming X I I t h  mee t ing  
of the RSWG ( T a l l i n ,  12-18 May, 1986). 
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A f f i l i a t i o n :  Department of Pharmacology, Chernov i t s  Medical I n s t i t u t e .  

XXVI(3): 87-90; 1986. 

Body F l u i d s ,  I o n  T r a n s p o r t ;  Cytology, Cell Membrane 
Dogs 
Endo c r i  no1 ogy , N a t r i u r e t i c  Hormone 

Abstract: I n  t h i s  s t u d y  n a t r i u r e t i c  hormone was isolated from ar te r ia l  
blood o f  dogs. Two p e p t i d e  f r a c t i o n s  demons t r a t ing  n a t r i u r e t i c  a c t i v i t y  
were o b t a i n e d  af ter  gel f i l t r a t i o n .  E r y t h r o c y t e s  were o b t a i n e d  from the 
blood of  h e a l t h y  donors  which had been incubated i n  a s o l u t i o n  c o n t a i n i n g  
N a C 1 ,  KC1,  MgC12, CaC12,  g lucose ,  and tris-HC1-buffer. N a t r i u r e t i c  hormone 
was added t o  the  e r y t h r o c y t e  suspens ion ,  i n c u b a t e d  f o r  30 minutes ,  and 
c e n t r i f u g e d  a t  3000 g. The s u p e r n a t a n t  l i q u i d  was decan ted  and t h e  
c o n c e n t r a t i o n  of sodium and potassium i n  it determined.  The sed imen t  was 
t h e n  washed w i t h  tris-HCL-buffer, the e r y t h r o c y t e s  hemolyzed w i t h  d i s t i l l e d  
w a t e r  and the  c o n c e n t r a t i o n s  of sodium and potassium de te rmined  u s i n g  flame 
photometry. 
from the blood of h e a l t h y  donors ,  washing, hemolyzing and c e n t r i f u g i n g  a t  
18000 g. 
s t u d y  a c t i v e  i o n  t r a n s p o r t  through t h e  c e l l  membrane of t h e  ghost.  The 
e r y t h r o c y t e  g h o s t s  were r e s t o r e d  by adding a s o l u t i o n  of NaC1,  KC1,  ElgCl2,  
and ATP to  the  p r e c i p i t a t e ,  and mixing rapidly.  I n  some e x p e r i m e n t a l  
c o n d i t i o n s ,  the sodium and potassium i n  t h e  s o l u t i o n  were replaced w i t h  
choline c h l o r i d e .  T h i s  suspens ion  was k e p t  f o r  10 minu tes  i n  the cold and 
i n c u b a t e d  w i t h  n a t r i u r e t i c  hormone ( q u a n t i t y  n o t  specif ied)  f o r  30 minutes.  
After c e n t r i f u g a t i o n ,  t h e  c o n c e n t r a t i o n s  of sodium and magnesium i n  t h e  
p r e c i p i t a t e  and s u p e r n a t a n t  were determined. 
e i t he r  i n t r o d u c e d  i n t o  the c e l l  du r in& hemolysis  or added t o  t h e  i n c u b a t i n g  
s o l u t i o n ,  depending on t h e  e x p e r i m e n t a l  condi t ion.  P r o t e i n  c o n t e n t  was 
a l s o  measured. The r a t i o  of t h e  amounts of sodium o r  potassium i n  t h e  
s u p e r n a t a n t  t o  c o n c e n t r a t i o n s  of these e l emen t s  i n  t he  e r y t h r o c y t e s  o r  
g h o s t s  was computed. 
o f  po ta s s ium i n  the  e r y t h r o c y t e s  and ghos t s  was also computed. 

E r y t h r o c y t e  ghosts were c r e a t e d  by p r e c i p i t a t i n g  e r y t h r o c y t e s  

ATP and Mg2+ were added t o  the  s o l u t i o n  d u r i n g  h y d r o l y s i s  t o  

The n a t r i u r e t i c  hormone was 

The r a t i o  of  t h e  q u a n t i t y  o f  ca l c ium t o  t h e  q u a n t i t y  

I n t r o d u c t i o n  of n a t r i u r e t i c  hormone i n t o  a s o l u t i o n  c o n t a i n i n g  
e r y t h r o c y t e s ,  calciun!  and potassium i n c r e a s e d  t h e  q u a n t i t y  o f  ca l c ium and 
decreased t h e  amount of potassium i n  the  e r y t h r o c y t e s .  Because of  t h i s ,  
t h e  r a t i o  of  sodium t o  potassium inc reased  from 1.5 i n  t h e  b a s e l i n e  (no 
hormone p r e s e n t )  t o  2.7 i n  the expe r imen ta l  c o n d i t i o n .  When t h e  e r y t h r o c y t e  
ghosts were used, i t  was p o s s i b l e  t o  study the effects o f  both the  
i n t r a c e l l u l a r  and t h e  e x t r a c e l l u l a r  hormone. I n  t h e  first series of 
expe r imen t s ,  n a t r i u r e t i c  hormone was in t roduced  i n t o  t h e  ghosts as wel l  as 
i n t o  the  s o l u t i o n  i n  which they  were incubated. The p re sence  of t h e  
hormone i n h i b i t e d  t h e  e n t r y  of  potassium i n t o  t h e  cel l .  A s imilar 
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i n c u b a t i o n  s o l u t i o n  w i t h  potassium omit ted,  l e d  t o  i n h i b i t i o n  of t h e  
passage of ca l c ium i n t o  t h e  cell.  T h i s  e f fec t  of  n a t r i u r e t i c  hormone was 
analogous to  t h a t  of k-s t rophanthin.  When c h o l i n e  c h l o r i d e ,  as  w e l l  as 
n a t r i u r e t i c  hormone, was added t o  the s o l u t i o n  i n  which  t h e  ghosts were 
incuba ted ,  sodium was r e t a i n e d  w i t h i n  t h e  cells ,  bu t  no change i n  
potassium was noted. 

The next series o f  expe r imen t s ,  examined o n l y  the  effects of n a t r i u r e t i c  
hormone a p p l i e d  t o  t h e  o u t e r  s u r f a c e  of  t h e  e r y t h r o c y t e  ghosts .  When t h e  
hormone was i n t r o d u c e d  i n t o  a s o l u t i o n  w i t h  sodium and potassium, t h e  
amount of potassium i n  the g h o s t s  decreased. There was also an i n c r e a s e  
i n  t h e  r a t i o  of Ma+ t o  K+. 
s o l u t i o n ,  the q u a n t i t y  of sodium was altered. The a u t h o r  conc ludes  t h a t  
n a t r i u r e t i c  hormone o p e r a t i n g  on t h e  o u t s i d e  of  the ce l l  membrane a l t e r s  
i o n  t r a n s p o r t  ana logous ly  t o  K-strophantine.  

When K+ i o n s  were excluded f rom the  i n c u b a t i o n  

Tab les  and Figure:  T a b l e  1: R a t i o  of t h e  q u a n t i t y  o f  sodium and potassium 
i n  e r y t h r o c y t e  ghosts w i t h  n a t r i u r e t i c  hormone a c t i n g  on both t h e  i n s i d e  
and t h e  o u t s i d e  of t h e  cel l  membrane 

S o h  t ion  Condition Ratio 
Ichm!2& + 

K+ precip. Na+ precip. K+ precip. 

With Na+ and K+ Cont ro l  1.4 4.6 1.1 
Exper. 3.1 4.8 3.1 

P < 0.001 n. s. < 0.05 

Without K+ Cont ro l  9.0 1.7 
Exper. 5.0 2.6 

P < 0.001 < 0.01 

0.2 
0.2 
n. s. 

T a b l e  2: R a t i o  of sodium and potassium w i t h  n a t r i u r e t i c  hormone a c t i n g  o n l y  
on t h e  o u t s i d e  s u r f a c e  of  t he  c e l l  membrane 

Solution Condition Ratio 
IC+ super. 
k precip. 

With Ha+ and K+ Cont ro l  1.5 3.1 0 e 7  
Exper. 1.9 3.2 1.4 

P < 0.002 n. s. < 0.001 

Without K+ Con tr o l  65.5 1.6 1.6 
Exper. 51.1 1.9 1.4 

P < 0.001 < 0.01 n. s. 
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Figure:  Effect of n a t r i u r e t i c  hormone on i o n  t r a n s p o r t  through c e l l  
membrane. L i g h t  bars -- c o n t r o l ;  Dark bars -- expe r imen ta l .  O r d i n a t e  -- 
q u a n t i t y  of sodium and potassium ( i n  moles); I - i n c u b a t i o n  of ghosts  i n  
s o l u t i o n  c o n t a i n i n g  ca l c ium and potassium i o n s ;  I1 - i n  s o l u t i o n  w i t h o u t  
po ta s s ium;  I11 - i n  s o l u t i o n  c o n t a i n i n g  c h o l i n e  chlor ide;  I V  -- i n  
s o l u t i o n  w i t h o u t  potassium and w i t h  s t rophan t ine .  a - s u p e r n a t a n t ;  b - 
precipitate. 
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M88(8/86) Gazenko OG. Grigor 'yev A I  , Natochin YuV. 
Vodno-Solevoy Gomeostaz i Kosmicheskiy Polet. 
[Fluid-Electrolyte Balance and Space Flight].  
Volume 54 i n  Series: Problercy Kosmicheskoy B i o l o g i i  [Problems i n  Space 
Biology]  
Moscow: Nauka; 1986. 
[63 t a b l e s ;  64 f i g u r e s ;  22 pages of i l l u s t r a t i o n s ]  

Key Words: F l u i d - e l e c t r o l y t e  Metabolism, Endocrinology, S p a c e f l i g h t ,  
V o s k h o d , l1 nKo s m os, Ad a p t  a ti on, Weight 1 es s n e s  s 
Simulat ion,  Countermeasures,  Renal Func t ion  

o y u z , "Sa 1 y u t  , 

Annotation: T h i s  book summarizes  20 y e a r s  o f  r e s e a r c h  on f l u i d - e l e c t r o l y t e  
metabolism i n  members of  t h e  crews of t h e  Voskhod" and ltSoyuzn s p a c e c r a f t  
and t h e  "Salyut" o r b i t a l  s t a t i o n s ,  a s  wel l  as expe r imen t s  performed on t h e  
biosatell i tes of the "Kosmos" series. Emphasis is  placed upon t h e  
development and u t i l i z a t i o n  o f  p r o v o c a t i v e  stress tes t s  i n  t h e  s t u d y  of  
f l u i d  and e l e c t r o l y t e  metabol ism under ex t r eme  cond i t ions .  The r o l e  of 
endoc r ine  f a c t o r s  i n  a d a p t a t i o n  t o  w e i g h t l e s s n e s s  and r e a d a p t a t i o n  t o  
Earth 's  g r a v i t y  i s  analyzed. The r e s u l t s  o f  ground-based s i m u l a t i o n s  o f  
t h e  e f f e c t s  of space  f l i g h t  factors on f l u i d - e l e c t r o l y t e  balance,  and 
r e n a l  f u n c t i o n  are discussed.  Data r e l e v a n t  t o  t h e  e f f e c t i v e n e s s  of  
v a r i o u s  countermeasures  directed a t  changes i n  t h e  r e g u l a t i o n  o f  f l u i d -  
e l e c t r o l y t e  metabol ism under such  c o n d i t i o n s  are presented.  T h i s  book i s  
i n t e n d e d  f o r  phys i c i ans ,  b i o l o g i s t s ,  p h y s i o l o g i s t s ,  and s p e c i a l i s t s  i n  
ae rospace  medicine. 

CONTENTS 
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Botany, V i a b i l i t y ;  G e n e t i c s ,  M u t a b i l i t y  
ArabUmaas t h a l i a n  a, CreDis caDillari s 
Space F l i g h t ,  "Salyut-6 , " S a l y ~ t - 7 ~ ~  

Abstract: Three expe r imen t s  are described i n  this paper. I n  the  first, 
a i r - d r i e d  seeds of ArabidoDs is  tbaliana and CreDis caPillaris were f lown  
i n  h e r m e t i c a l l y  sealed c o n t a i n e r s  on board the  11Salyut-611 and "-7" s p a c e  
s t a t i o n s  for  49, 201, 226, 408, and 827 days. After r e t u r n  t o  Ear th ,  t h e  
seeds were p l an ted  and s t u d i e d  u s i n g  s t a n d a r d  methods. Decreases i n  
ge rmina t ion  rate, v i a b i l i t y  and f e r t i l i t y  of the  p l a n t s ,  as well as 
i n c r e a s e s  i n  t h e i r  m u t a b i l i t y  were found t o  be d i r e c t l y  related t o  the 
l e n g t h  of time they  were stored on t h e  ground and i n  f l i g h t .  However, 
these e f f e c t s  were more pronounced f o r  t he  p l a n t s  exposed t o  space. 
Not iceable  morphologica l  changes occur red  on ly  i n  those p l a n t s  which d i e d  
a t  va r ious  s t a g e s  of development. I n  the second expe r imen t ,  CreDis 
m a r i s  seeds were germinated e i ther  i n  space or on t h e  ground af ter  
having  been f lown i n  s p a c e  f o r  3 t o  234 days. The r e s u l t i n g  s h o o t s  were 
ana lyzed  f o r  chromosomal rear rangements .  The f requency  o f  r ea r r angemen t s  
was g r e a t e r  for  the seeds ge rmina ted  i n  f l i g h t  t han  f o r  t h e  
seeds which had never f lown  or which had been ge rmina ted  af ter  r e t u r n  t o  Earth. 
[See Digest  I s s u e  6: P2351. 
and CreDis caDillaria p l a n t s  were grown under space  f l i g h t  c o n d i t i o n s  i n  
ei ther the "Fiton" o r  "Svetoblok" appara tus .  The p h o t o t r o p i c  r e sponse  and 
morphology of the v e g e t a t i v e  and g e n e r a t i v e  o rgans  of t h e  f l i g h t  p l a n t s  
d i d  not  d i f f e r  from those of c o n t r o l s .  P l a n t s  grown i n  t h e  "Svetoblok" d i d  
n o t  bear seeds i n  space; however, t hey  flowered and bore f r u i t  on Earth. 
The f e r t i l i t y  of the  r e s u l t i n g  seeds was s i g n i f i c a n t l y  lower t h a n  tha t  of 
c o n t r o l  seeds. The p l a n t s  grown i n  t h e  F i t o n  a p p a r a t u s  d i d  bea r  seeds i n  
space. Analys is  of t he  p l a n t s  grown from these  seeds showed an  i n c r e a s e d  
muta t ion  rate, a l though  f e r t i l i t y  d i d  n o t  d i f f e r  from c o n t r o l  l e v e l s .  I n  both 
of t h e  types of seeds s t u d i e d ,  a l l  the p a r a m e t e r s  ( g e r m i n a t i o n  rate, 
v i a b i l i t y ,  s t e r i l i t y ,  f requency  of  a b e r r a n t  cells)  associated w i t h  
chromosome a b e r r a t i o n s  were p o s i t i v e l y  correlated w i t h  d u r a t i o n  o f  f l i g h t .  

I n  t he  t h i r d  expe r imen t ,  B r a b i d o D s U  t h a w  

The au tho r s  s ta te  t h a t  t h e  effects of both  ground and f l i g h t  s t o r a g e  were 
greater f o r  L- ' t han  f o r  L caDillaris because t h e  L 
W a r i s  seeds are l o n g e r  l i ved .  Comparison o f  t h e  effects of 
s p a c e  f l i g h t  on a weakly a c t i v e  sys tem ( d r y  seeds) and an a c t i v e  sys tem 
(growing  p l a n t s )  d e m o n s t r a t e s  t h a t ,  a l l  else be ing  equa l ,  t h e  magnitude of 
t h e  e f f e c t s  is  greater i n  t h e  a c t i v e  system. Cells of p l a n t s  grown under  
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f l i g h t  c o n d i t i o n s  had twice the a b e r r a t i o n  f r equency  and higher  dea th  
rates t h a n  those of p l a n t s  grown on E a r t h  from f l i g h t  seeds. Decrease i n  
m u t a t i o n s  w i t h  f l i g h t  time greater than  226 days  for  t h a l  i a n a  is  
exp la ined  by t h e  fact  t h a t  t h e  m a j o r i t y  of t h e  g e n e t i c a l l y  damaged p l a n t s  
d i e d  d u r i n g  t h e  earlier p a r t  of the f l i g h t s .  The a u t h o r s  claim t h a t  t h e  
damage to  the  meristem o f  germs, and t h e  consequences of this damage, i n  
$he 827-day f l i g h t  cannot  be a t t r i b u t e d  s o l e l y  t o  t h e  heavy component of 
r a d i a t i o n .  I n s t e a d ,  t hey  a rgue ,  there i s  evidence t h a t  exposure  t o  
w e i g h t l e s s n e s s  accelerates t h e  ag ing  process. As ev idence  f o r  t h i s  t hey  
c i t e  t h e  v i r t u a l l y  t o t a l  l o s s  of ge rmina t ion  c a p a c i t y  of 8, t h w  seeds 
af ter  t h e  l o n g e s t  exposure  t o  space (while comparable  s t o r a g e  on Ea r th  was 
associated w i t h  a 73.12% g e r m i n a t i o n  r a t e )  and t h e  fact  tha t  t h e  f r equency  
of a b e r r a n t  cel ls  i n  C r e D i g  c a D i W  . a f t e r  827 d a y s  i n  space cor responds  
t o  the  effects of storage on Earth f o r  7-8 years .  They f u r t h e r  p o s t u l a t e  
t ha t  t h e  mechanism f o r  accelerated ag ing  i n  space  i n v o l v e s  decreases i n  
the r e p a r a t i v e  c a p a c i t y  of cells. 

T a b l e  1:  The Effects of Space F l i g h t  F a c t o r s  on L thaliana seeds, 5 

Storage 
Length, Condi- 
days 

49 

20 1 

226 

40 8 

82 7 

t i o n  

Ground 
F l i g h t  

Ground 
F l i g h t  

Ground 
F l i g h t  

Ground 
F l i g h t  

Ground 
F l i g h t  

Gerrim- 
t i o n  rate 

91 -03  
86.650 

74.11 
93*91** 

94.09 
87.07,' 

67.59 
65.16 

73.12 
0.41** 

P l a n t  
V iab i l i ty  

69.28 
60.56* 

46.19 
72.59** 

60.69 
53.33' 

24.55 
25 93 

48.68 
0 

S t e r i l e  
seed buds 

6.55 
, 8.31** 

11 .go 
7.84** 

8.85 
12.12** 

19.36 
23.43** 

7.37 -- 

Sterile 
pods 

8.51 
12.05, 

12.80 
11.86 

17.86 
14.82' 

23 77 
26.32 

7.37 -- 

Recessive 
mutants 

10.19 
9-30 

10.01 
13.31 ** 

3.78 
14.87** 

7.81 
7.66 

2.98 -_ 
* d i f f e r e n c e  between ground and f l i g h t  cond i t ions ,  p < 0.05 
** d i f f e r e n c e  between ground and f l i g h t  condi tons ,  p < 0.01 

Table 2: The effects of space f l i g h t  f a c t o r s  on L capillarls ' seeds 

Length of storage, G e e n a t i o n  rate, 5 Aberration frequency 
days Ground Flight Ground F l i g h t  

49 
20 1 
2 26 
40 8 
827 

-- -- 0.13 0.16 
96.84 98.84 0.50 0.84 -- -- 0.23 0.52 -- -- 0.75 1.03 
93.66 87.61 3.63 13.83 
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T a b l e  3:  The effects o f  space f l i g h t  fac tors  on t h e  f e r t i l i t y  and 
descendents  o f  p l a n t s  deve lop ing  under space f l i g h t  c o n d i t i o n s  

Condition S t e r i l e  seed buds,% Sterile f r u i t , %  Total Mutants,% 

Cont ro l  45.03 
(ground)  
Svetoblok appara- 33.80 
t u s  (flight) 
F i  t o n  appara tus  46.16 
( f l i g h t )  
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Botany, P h o t o s y n t h e s i s  System, Cells 
Peas, Orchids  
Space F l i g h t  

Abstract: T h i s  s t u d y  i n v e s t i g a t e d  the  effects  of s p a c e  f l i g h t s  l a s t i n g  29 
and 110 days  on the  morpho log ica l  c h a r a c t e r i s t i c s  of  t h e  l e a v e s  of o r c h i d s  
(Epidendrum r a d i c a n s )  and pea (pisum s a t i v u n )  p l a n t s .  Pigment 
composi t ion and a b s o r p t i o n  and f l u o r e s c e n t  spectra of t h e  p l a n t  l e a v e s  
were a l s o  s tud ied .  The p l a n t s  were grown i n  space ( f l i g h t  n o t  s p e c i f i e d )  
i n  i o n i t e  n u t r i e n t  s o i l  under con t inuous  i l l u m i n a t i o n  a t  a d i s t a n c e  of 
20 cm from the  l i g h t  s o u r c e  ( i n t e n s i t y  9300 1x1. Con t ro l  p l a n t s  were grown 
under analogous l a b o r a t o r y  cond i t ions .  Morphological a n a l y s i s  r e v e a l e d  
s u b s t a n t i a l  d i f f e r e n c e s  between t h e  c h l o r o p l a s t s  o f  f l i g h t  and c o n t r o l  
p l a n t s  o f  both species. F i r s t ,  the  s t roma o f  f l i g h t  p l a n t s  were less 
d e n s e l y  s a t u r a t e d  w i t h  ribosomal s t r u c t u r e s  and lacked s h a r p l y  
d i f f e r e n t i a t e d  zones c o n t a i n i n g  c h l o r o p l a s t  DNA. I n  c o n t r a s t  t o  t h e  
c o n t r o l  p l a n t s ,  t h e  f l i g h t  specimens either lacked  starch r e s e r v e s  o r  
con ta ined  a small number of  small g ra ins .  The most s t r i k i n g  d i f f e r e n c e s  
invo lved  t h e  i n t r a c h l o r o p l a s t  membrane system. Aside from o r g a n e l l e s  w i t h  
normal membrane s t r u c t u r e ,  t h e  f l i g h t  p l a n t s  showed major  d i s r u p t i o n s  of 
t h i s  s t r u c t u r e ,  d i s i n t e g r a t i o n  o r  d e s t r u c t i o n  o f  t h e  g rana ,  d i s o r i e n t a t i o n  
or s e p a r a t i o n  of t h e  t h y l a k o i d s  of t h e  stroma, t h i n n i n g  of t h e  membrane 
c o m p r i s i n g  the  g rana  stacks,  and fo rma t ion  of  e l e c t r o n -  t r a n s p a r e n t  bubbles. No 
changes were noted i n  the u l t r a s t r u c t u r e s  of the n u c l e i ,  mi tochondr i a ,  
d i c tyosomes  or  other cell  o rgane l l e s .  Study of t h e  spectral 
characteristics of u n t r e a t e d  l e a v e s  of both t y p e s  of  p l a n t s  and also o f  
t h e i r  homogenates, showed t h a t  i n  low t empera tu re  a b s o r p t i o n  spectra t h e  
f r a c t i o n s  of c h l o r o p h y l l  b and s h o r t  wave forms of  c h l o r o p h y l l  a were lower 
fo r  f l i g h t  p l a n t s  t h a n  for c o n t r o l s .  A t  the  same time, a b s o r p t i o n  was 
higher  f o r  f l i g h t  p l a n t s  i n  the l o n g  wave band. 
d e r i v a t i v e  shor t  wave spectrum showed that  f l i g h t  p l a n t s  appeared t o  
c o n t a i n  e s s e n t i a l l y  the same f o r m s  of c l o r o p h y l l  as  t h e  c o n t r o l  p l an t s .  
However, f o r  both s p e c i e s  t h e  l o n g  wave peak o c c u r r e d  1 nm h ighe r  for 
f l i g h t  p l an t s .  Low t e m p e r a t u r e  f luo rescence  spectra showed tha t  f l i g h t  
p l a n t s  has  a somewhat h ighe r  l o n g  wave maximun! t h a n  c o n t r o l  p l a n t s ,  
a t t r i b u t e d  by t h e  a u t h o r s  t o  a n  i n c r e a s e  i n  t h e  l o n g  wave aggregated f o r m s  
of c h l o r o p h y l l  f o r  f l i g h t  p l an t s .  

Peaks of  t h e  first 
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Humans, Males 
Impeded R e s p i r a t i o n  

Neural Regula t ion  

Abstract :  S u b j e c t s  i n  t h i s  exper iment  were 8 heal thy males, aged 18-23. 
The experiment  i n v e s t i g a t e d  t h e  temporal characteristics of  p r o p r i o c e p t i v e  
r e f l e x e s  of the r e s p i r a t o r y  muscles  i n  response  t o  a sudden i n t e r r u p t i o n  of 
t h e  flow of air. T h i s  i n t e r r u p t i o n  was created by means of  a pneumatic  
barrier f i t t e d  on the end of a pneumotaxographic tube. Ref lex  l a t e n c y  w a s  
measured from the beginning  of the  i n t e r u p t i o n  of t h e  a i r  stream t o  t h e  
appearance of an a d d i t i o n a l  wave of  t h e  p r e s s u r e  cu rve  of the  mouthpiece,  
which r e f l e c t s  t h e  occurrence  o f  supplementary  i n s p i r a t o r y  o r  e x p i r a t o r y  
e f f o r t  on the  p a r t  of the r e s p i r a t o r y  muscles  t o  overcome t h e  sudden 
impediment to  r e s p i r a t i o n .  The temporal parameters of  these r e f l e x e s  were 
s t u d i e d  d u r i n g  r e s p i r a t i o n  wi thou t  e x t e r n a l  r e s i s t a n c e  and w i t h  n o n e l a s t i c  
resistance created by i n s e r t i n g  one of  a number of t ubes ,  2 t o  16 mm i n  
diameter, i n  the  r e s p i r a t o r y  t rac t  i n  tandem w i t h  the  pneumatographic tube  
and valve. Res i s t ance  l e v e l  was de f ined  as t h a t  pressure necessa ry  t o  
produce a c o n s t a n t  a i r  f low of 90 1 min -l. Measurements were made w i t h  
t h e  s u b j e c t s  a t  rest o r  du r ing  gradated p h y s i c a l  e x e r c i s e  on a b i c y c l e  
ergometer.  P h y s i c a l  l o a d i n g s  were combined w i t h  e x t e r n a l  r e s i s t a n c e  t o  
r e s p i r a t i o n  of 0 ( R o ;  c o n t r o l  c o n d i t i o n )  and w i t h  r e s i s t a n c e  i n  t h e  r ange  
of  60-400 mm Hg (6.0-40.0 GPa) w i t h  V = 90 l / m i n  (R60 - R4oo). The 
pneumotaxograph produced a pneumotaxogram and a sp i rogram,  w h i l e  a n  
e lec t romanometer  was used t o  r eco rd  p r e s s u r e  i n  the  oral c a v i t y  and t h e  
chest. 

As r e s p i r a t o r y  r e s i s t a n c e  and concur ren t  physical  l o a d i n g  i n c r e a s e d ,  
s u b j e c t i v e  s e n s a t i o n s  of d i s c o m f o r t  i n c r e a s e d  r a p i d l y ,  whi le  p h y s i o l o g i c a l  
parameters  o f  r e s p i r a t i o n  changed on ly  s l i g h t l y .  The a u t h o r s  emphasize 
that  the s u b j e c t i v e  s e n s a t i o n s  created by t h i s  procedure  are 
d i s p r o p o r t i o n a t e  t o  t he  a c t u a l  p h y s i o l o g i c a l  effects. This can  be 
explained by t h e  presence  of  a r e l a t i v e l y  powerful  system directed a t  
provid ing  s u f f i c i e n t  compensat ion i n  c a r d i o r e s p i r a t o r y  parameters. S ince  
compensatory r e a c t i o n s  t o  r e s i s t a n c e  t o  r e s p i r a t i o n  occur  i n  v e r y  s h o r t  
i n t e r v a l s ,  t hey  a rgue  t h a t  n e u r a l  r e f l e x e s  must p l ay  a key role. To f i n d  
o u t  more about t h i s ,  t he  tempora l  characterist ics of p r o p r i o c e p t i v e  
reflexes were s t u d i e d  d u r i n g  r e s p i r a t i o n  w i t h  R 
performing three 15-minute c y c l e s  of e x e r c i s e  0!'100-?50 W. W';% 
r e s i s t a n c e  of Ro,  r e f l e x  time was 0.18 seconds;  
s i g n i f i c a n t l y  d u r i n g  the  3 e x e r c i s e  cyc les .  A t  the  higher  r e s i s t a n c e  
l e v e l s  t h e  r e f l e x  l a t e n c y  i n c r e a s e d  f rom cycle t o  cycle and a t  the  end of 

R15 , and R w h i l e  

t h i s  d i d  not  change 
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t h e  t h i r d  cycle was 0.29 and 0.38 seconds,  f o r  Rlz0  and R250, r e s p e c t i v e l y .  
The a u t h o r s  a t t r i b u t e  t h i s  effect  t o  f a t i g u e  of  t e r e s p i r a t o r y  
muscula ture ,  which leads t o  a f u n c t i o n a l  d e f i c i t  i n  t he  p r o p r i o c e p t i v e  
sys tem o f  r e s p i r a t o r y  r e g u l a t i o n .  I n  b r e a t h i n g  a g a i n s t  r e s i s t a n c e ,  
e s p e c i a l l y  n o n - e l a s t i c  r e s i s t a n c e ,  the r e s p i r a t o r y  muscles  are compelled t o  
compensate  f o r  a r e s i s t a n c e  which does not s t a y  c o n s t a n t  throughout  t h e  
r e s p i r a t o r y  cycle .  
p a r a m e t e r s  of t h e  cycle, t h e  muscle compensat ions m u s t  be ve ry  f l e x i b l e  and 
must occur  over  very  s h o r t  per iods o f  time; however, i t  is known t h a t  t h e  
rate of  muscle c o n t r a c t i o n  is  i n v e r s e l y  p r o p o r t i o n a l  t o  their  loading.  
T h i s  was s t u d i e d  by comparing f o r c e d  e x p i r a t i o n  w i t h  and w i t h o u t  
r e s i s t a n c e .  When f o r c e d  e x p i r a t i o n  a t  R250 was compared w i t h  a s i t u a t i o n  
w i t h o u t  r e s i s t a n c e ,  i t  was found t h a t  p re s su re  ( r e f l e c t i n g  e x p i r a t o r y  
effor t )  i n c r e a s e d  by n e a r l y  a f a c t o r  of 10, but n e v e r t h e l e s s  t h e  maximum 
v e l o c i t y  o f  the  air stream decreased  by a f a c t o r  of two, volume dropped 
somewhat, and time increased .  On t h e  basis of  these r e s u l t s  t h e  a u t h o r s  
conclude  t h a t  the r e s p i r a t o r y  muscles  a r e  able t o  create the r e q u i r e d  
r e s p i r a t o r y  volume to  compensate f o r  a g iven  r e s i s t a n c e ,  but  cannot  do t h i s  
i n  t h e  r e q u i r e d  per iod  of time, since e x p i r a t i o n  o c c u r s  w i t h  d imin i shed  
v e l o c i t y .  Thus, l oad ing  t h e  r e s p i r a t o r y  musc les  through e x t e r n a l  
r e s i s t a n c e  decreases t h e i r  speed of con t r ac t ion .  This accoun t s  f o r  t h e  
effects o f  the combinat ion of r e s p i r a t o r y  r e s i s t a n c e  and p h y s i c a l  exe rc i se .  

To m a i n t a i n  normal dynamics o f  t h e  rate and volume 

F igure  Tit les:  
f u n c t i o n  o f  v o l u m e t r i c  v e l o c i t y  of  a cons t an t  a i r  f low 

F igure  1: Curves of  n o n e l a s t i c  r e s i s t a n c e  s t u d i e d  as a 

F i g u r e  2: Changes i n  l a t e n c y  of  p ropr iocep t ive  r e f l e x e s  o f  t h e  r e s p i r a t o r y  
muscles  d u r i n g  b r e a t h i n g  under e x t e r n a l  r e s i s t a n c e  while  per forming  
p h y s i c a l  e x e r c i s e  

F igu re  3: Changes i n  l a t e n c y  of  p ropr iocep t ive  r e f l e x e s  d u r i n g  3 c y c l e s  o f  
p h y s i c a l  l o a d i n g  of 100-1 50 W combined w i t h  r e s p i r a t i o n  w i t h o u t  e x t e r n a l  
r e s i s t a n c e ,  and w i t h  r e s i s t a n c e s  of  R150 and R250 

F i g u r e  4. The r e l a t i o n s h i p  among pressure, a i r  f low,  and volume d u r i n g  
f o r c e d  e x p i r a t i o n  

S o l i d  l i n e s  are e x p i r a t i o n  wi thout  r e s i s t a n c e ;  d o t t e d  l i n e s  are R250 
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P325(8/86)* Degtyarev V A ,  Kormer AYa, Rogov V A ,  Tolpekin V Y e ,  Tsyganov 
LP,  Ragozin V N ,  Shcherbakov YeYu, K i r i l l o v a  ZA. 
Interpretation of kinetocardiograms of the right heart. 
Kosmicheskaya Bio logiya  i Aviakosrnicheskaya Meditsina.  

[6 r e fe rences ;  1 i n  Eng l i sh ]  
20(3) :  69-68; 1986. 

Cardiovascular  a d  Respi ra tory  Systems, Kinetocardiogram, Right Heart 
Humans, Males; P a t i e n t s ,  Myocardial I n f a r c t i o n  
Operat ional  Medicine, Diagnosis  

Abstract: Kinetocardiograms of  t he  r i g h t  hear t  were ob ta ined  f o r  20 
h e a l t h y  male s u b j e c t s ,  a&ed 18-20, and 15 male p a t i e n t s ,  aged 46-62, 
diagnosed as s u f f e r i n g  from acu te  mycocardial  i n f a r c t i o n  o f  t h e  l e f t  
v e n t r i c l e .  A piezo ceramic senso r  i d e n t i c a l  t o  t h e  one used on 
cosmonauts' l e f t  hearts on the  I1Salyutt1 s t a t i o n s  was used t o  produce these 
p r o f i l e s .  The kinetocardiograms t h u s  o b t a i n e d  were compared w i t h  records 
produced by u l t r a s o n i c  Doppler echocardiograms for t h e  h e a l t h y  s u b j e c t s ,  
and d i r e c t  sounding of  the c a t h e t e r i z e d  r i g h t  h e a r t  f o r  t h e  p a t i e n t s .  
Analysis  shoved t h a t  t h e  k ine tocard iograms reflected t h e  dynamics of 
c o n t r a c t i o n  of t h e  r i g h t  hezrt. Th i s  method was recommended f o r  f u r t h e r  
s t u d i e s  of cosmonauts and p i l o t s .  

Table  and Figure  Ti t les :  Table:  Durat ion of  s y s t o l i c  phase and 
d i a s t o l i c  phase of the r i g h t  heart  

Figure:  The source of kinetocardiogram f e a t u r e s  of t h e  r i g h t  hezr t  as 
revealed by r e s u l t s  of manometry of t h e  heart  and u l t rasound Doppler 
echocardiography 
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P327(8/86)@ Demin AN, Galus tyan  FIV, Belkaniya GS, Dar t smel iya  VA. 
Rheotacho-oscillographic recording of blood pressure i n  monkeys. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  

[ 3  r e f e r e n c e s ;  none i n  Engl ish] '  
20(3): 73-75; 1986. 

Ca rd iovascu la r  and R e s p i r a t o r y  Systems, Blood P r e s s u r e  Measurement 
Honk ey s 
Eleasurement Technique, Rheotacho-osci l lography 

Abs t r ac t :  The a u t h o r s  of t h i s  paper propose a noninvas ive  t echn ique  f o r  
measur ing  t h e  d i a s t o l i c  and s y s t o l i c  blood p r e s s u r e  of  monkeys undergoing 
expe r imen ta l  t r ea tmen t .  A sphygmomanometer cu f f  is  p laced  on the monkey's 
upper a r m ,  t h i g h  o r  c a l f ,  and smoothly i n f l a t e d  and deflated w h i l e  a 
rheoosc i l l og ram i s  made of t he  v e s s e l s  of t he  ex t r emi ty .  

F igu re  t i t le :  F igure  1: Diagram of system f o r  measuring blood p r e s s u r e  
u s i n g  a r h e o t a c h o o s c i l l o g r a p h i c  method through discrete o r  con t inuous  
measurement of  the p r e s s u r e  i n  t h e  pneumatic c u f f  

F i g u r e  2: Rheotachyosci l logram of monkeys d u r i n g  discrete and cont inuous  
r e g i s t r a t i o n  o f  pressure i n  a pneumatic c u f f  

F igu re  3: Changes i n  d i a c h r o t i c  format ion  of  r h e o o s c i l l a t i o n s  d u r i n g  
con t inuous  decompression o f  t h e  pneumatic c u f f ,  r e g i s t e r e d  d u r i n g  
s c r o l l i n g  of t h e  t a p e  

F igu re  4: Parallel r e g i s t r a t i o n  o f  blood pressure d i r e c t l y  and u s i n g  t h e  
r h e o t a c h o o s c i l l o g r a p h i c  method 
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P340(8/66) Saudlya AP, B e l k i n a  LM, Markovskaya G I ,  Shimkovich !NV. 
Cardiac contrac t i l i ty  i n  animals undergoing long-term hypokinesia. 
In:  Zor'kin, e d i t o r .  Me tabo l i chesk iye  p r o t s e s s y  p r i  nekotorykh 
ekstremal 'nykh sos toyan iyakh  [Metabolic processes during exposure to  
certain extreme factors]. See M69, t h i s  i s s u e .  
Kishinev:  S h t i i n t s a ;  1965; 77-87. 

Card iovascu la r  and R e s p i r a t o r y  Systems, C o n t r a c t i l i t y  
Rats 
Hypokinesia, Long-term; Psychology, Stress 

Abstract: I n  the expe r imen t  descr ibed here Wistar r a t s  were conf ined  i n  an 
i m m o b i l i z a t i o n  cage f o r  15, 30, 60 and 90 days. Rats were weighed a t  t h e  
end of  each pe r iod  rats and cardiac c o n t r a c t i l i t y  o f  c o n t r o l  and 
expe r imen ta l  a n i m a l s  was examined e i ther  w h i l e  t h e  heart was still  i n  t h e  
body, or after the hear t  and p a p i l l a r y  musc le  had been i s o l a t e d .  I n  t he  
first case, a n i m a l s  were a n e s t h e t i z e d  and r e s p i r a t i o n  was a r t i f i c i a l l y  
induced  w h i l e  i n t r a v e n t r i c u l a r  p r e s s u r e  was recorded. The r e s u l t i n g  
p r e s s u r e  curves  were used t o  c a l c u l a t e  the f o l l o w i n g  indices:  maximum 
s y s t o l i c ,  d i a s t o l i c  and developed blood p r e s s u r e ;  l e v e l  o f  f u n c t i o n i n g  ( t h e  
p roduc t  of developed p r e s s u r e  and f r equency  o f  c o n t r a c t i o n  p e r  u n i t  of  
w e i g h t  of t h e  l e f t  v e n t r i c l e ) ;  and maximum speed of  p r e s s u r e  rise and f a l l  
i n  t h e  l e f t  v e n t r i c l e ,  an  i n d i c a t o r  of myocardial  c o n t r a c t i o n .  After 
b a s e l i n e  v a l u e s  were recorded, e lectr ical  s t i m u l a t i o n  was used t o  g r a d u a l l y  
deve lop  c o n t r a c t i o n  r a t e s  r a n g i n g  from 300 t o  600 p e r  minute. After a ten 
mirxte r e s t ,  maximum stress w 2 s  p laced  o n  t h e  h e a r t  by squeez ing  off t he  
a o r t a  f o r  30 seconds. The i so la ted  heart  was s t u d i e d  by removing t h e  the  
r i g h t  a u r i c l e  a n d  p l a c i n g  a l a t e x  b a l l o n  w i t h  c o n s t a n t  volume i n  t h e  c a v i t y  
of t h e  l e f t  v e n t r i c l e .  When t h e  ba l loon  was squeezed t h e  v e n t r i c l e  
underwent i s o v o l u m e t r i c  c o n t r a c t i o n s .  A c o n t r a c t i o n  ra te  o f  130 beats p e r  
minute  was induced. The hear t  was pe r fused  through t h e  aorta w i t h  an 
oxygenated s o l u t i o n  c o n t a i n i n g  glucose.  P r e s s u r e  i n  t h e  l e f t  v e n t r i c l e  was 
recorded and the i n d i c e s  l i s t e d  above were computed. The a n t e r i o r  
p a p i l l a r y  muscle of the l e f t  v e n t r i c l e  was extracted from t h e  isolated 
heart, placed i n  an aerated s o l u t i o n  and s t i m u l a t e d  w i t h  e lec t r ic  p u l s e s  5 
msec i n  d u r a t i o n  and 20% above t h r e s h o l d  i n  amplitude.  The o p t i m a l  l o a d i n g  
under which t h e  uiuscle was s t r e t c h e d  t o  maximum l e n g t h  was deterrcined by 
the maximum i s o t o n i c  s h o r t e n i n g  caused by t h e  s o l u t i o n .  

Rats undergoing hypok ines i a  showed no weight g a i n ,  w h i l e  c o n t r o l  ra ts  more 
than doubled t h e i r  w e i g h t  by the  end o f  90 days. The a u t h o r s  s ta te  t h a t  
one reason for t h e  c e s s a t i o n  o f  o v e r a l l  g rowth  is  t h e  occur rence  of the  
stress syndrome, a c t i v a t i o n  of  t h e  hypothalmus and p i t u i t a r y  sys t ems ,  and 
i n c r e a s e d  f o r m a t i o n  o f  ACTH ( a n  a n t a g o n i s t  o f  somato t rop in ) .  I n  t h e  
a u t h o r s '  opinion, a n o t h e r  r e a s o n  f o r  this s t u n t i n g  might  be the c e s s a t i o n  
of coprophagy. Growth of t h e  hear ts  of t h e  e x p e r i m e n t a l  a n i m a l s  was s lowed 
by o n l y  31%, c o n s i d e r a b l y  less  t h a n  t h e  r e t a r d a t i o n  of  o v e r a l l  growth. The 
ne t  r e s u l t  of t h i s  was a 44% r e l a t i v e  en la rgemen t  of t h e  hearts o f  t h e  
expe r imen ta l  animals.  
by t h e  a u t h o r s  p a r t i a l l y  t o  t h e  stress syndrome and p a r t i a l l y  t o  
t achyca rd ia  acd hypertension.  h'hen t h e  rats h e a r t s  were forced t o  beat a t  
a h igh  rate, t h e r e  was v i r t u a l l y  no d i s t i n c t i o n  between t h e  developed 
p r e s s u r e  and maximum r ise  and f a l l  of p r e s s u r e  o f  t h e  c o n t r o l  and 
expe r imen ta l  animals.  The pa rame te r  i n d i c a t i v e  of the work performed by a 

T h i s  tendency t o  cardiac en la rgemen t  is a t t r i b u t e d  
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u n i t  of the myocardia  was 80% higher f o r  t h e  expe r imen ta l  a n i m a l s  t h a n  for 
the  c o n t r o l s .  GJhen t h e  heart was p u t  under maximum stress by o c c l u s i o n  of 
t h e  aorta, t h e  hearts of  t he  expe r imen ta l  a n i m a l s  beat s u b s t a n t i a l l y  more 
s l o w l y  t h a n  those of  t h e  con t ro l s .  The a u t h o r s  conclude t h a t  these r e s u l t s  
show no defects i n  cardiac c o n t r a c t i l i t y  a t t r i b u t a b l e  t o  hypokines ia ;  when 
t h e  hear t  is  f o r c e d  t o  beat very  fast, the work performed by t h e  hearts of 
e x p e r i m e n t a l  a n i m a l s  was greater than  those  o f  c o n t r o l s .  The s t u d i e s  w i t h  
t h e  i s o l a t e d  hear ts  and l a t e x  b a l l o o n s  showed decreased maximum developed 
p r e s s u r e  and dec reased  rate of rise and f a l l  i n  blood p r e s s u r e  for  t h e  
a n i m a l s  which had undergone hypokinesia. The a u t h o r s  a t t r i b u t e  this t o  t h e  
fact  t h a t  t he  hearts o f  t h e  c o n t r o l  an ima l s  are bigger. Glhen maximum 
developed p r e s s u r e  and rate of  change of blood p r e s s u r e  are computed pe r  
u n i t  heart weight  f o r  ech group,  t h e  h e a r t s  of t h e  e x p e r i m e n t a l  a n i m a l s  
were found t o  be f u n c t i o n i n g  a t  a h igher  l e v e l .  Ana lys i s  of the pa rame te r s  
measured fo r  isometric c o n t r a c t i o n  o f  the p a p i l l a r y  muscle  showed t h a t  t h e  
force and speed of c o n t r a c t i o n  and r e l a x a t i o n  were decreased i n  a n i m a l s  
exposed to  hypok ines i a  on day 15, i nc reased  on day 30, and s t i l l  f u r t h e r  
i n c r e a s e d  on day  60 r e l a t i v e  t o  c o n t r o l  animals. The a u t h o r s  s u g g e s t  two 
p o s s i b l e  r e a s o n s  for t h i s  set of r e s u l t s .  F i r s t ,  t h e  smaller h e a r t s  of the  
e x p e r i m e n t a l  a n i m a l s  might  c o n s i s t  of s m a l l e r  rcyocytes, which c o n t r a c t  more 
e f f i c i e n t l y .  Secondly, as o n t o g e n e t i c  growth p rogres ses ,  ATP-ase a c t i v i t y  
of ac tomyocin  decreases ( ATP-ase determines the  speed of cardiac musc le  
c o n t r a c t i o n ) .  

Tables and Figures :  Table 1. Changes over  time i n  o v e r a l l  and h e a r t  we igh t  
o f  white  r a t s  d u r i n g  a d a p t a t i o n  t o  hypokinesia  

Table 2: P a r a m e t e r s  of i s o t o n i c  c o n t r a c t i o n  of t h e  p a p i l l a r y  muscles  of 
w h i t e  rats undergoing hypokines ia  

Table 3: P a r a m e t e r s  of i s o m e t r i c  c o n t r a c t i o n  of the  p a p i l l a r y  muscles  
d u r i n g  a d a p t a t i o n  t o  hypokines ia  

F i g u r e  1: F i g u r e  1: Changes over  time i n  developed p r e s s u r e ,  work 
index ,  speed  of c o n t r a c t i o n  and r e l a x a t i o n  of t h e  l e f t  v e n t r i c l e  of the 
hearts of animals exposed t o  hypokines ia  and c o n t r o l  a n i m a l s  d u r i n g  induced  
h igh  r a t e s  o f  c o n t r a c t i o n  

F i g u r e  2: Changes ove r  time i n  developed p r e s s u r e ,  speed  of c o n t r a c t i o n ,  
hear t  ra te ,  and work performed by t h e  l e f t  v e n t r i c l e  of t h e  
heart af ter  t o t a l  o c c l u s i o n  o f  t h e  aorta i n  c o n t r o l  a n i m a l s  and a n i m a l s  
adapted  t o  hypok ines i a  

F i g u r e  3: Changes ove r  time i n  developed p r e s s u r e ,  work performed,  speed 
of c o n t r a c t i o n  and speed of r e l a x a t i o n  of t h e  l e f t  v e n t r i c l e  of the 
i s o l a t e d  heart of  c o n t r o l  a n i m a l s  and an ima l s  s u b j e c t e d  t o  hypok ines i a  
d u r i n g  induced  h igh  f requency  c o n t r a c t i o n s  
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P331( 8/86) * Gansburgskiy A N ,  Potapov PP. 
Morphometric analys is  of the endothelium of the aorta and serum l i p i d s  i n  
rats undergoing hypokinesia. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  

[9  r e f e r e n c e s ;  1 i n  E n g l i s h ]  
2 0 ( 3 ) :  82-83; 1986. 

Ca rd iovascu la r  and R e s p i r a t o r y  Systems,  Aorta  Endothel ium, Serum L i p i d s ;  
Rats 
Hypokinesia, Immobi l iza t ion ;  Psychology, Stress 

Abstract: 
cage  f o r  pe r iods  of up t o  30 days. One an ima l  pe r  day was sacrificed and 
s tud ied ,  One c o n t r o l  r a t  was sacrificed on days  4 ,  8, 12, 16, 20, 24 and 
28. The aorta w a s  removed, f i x e d  and s t a i n e d .  The mean area of the  
endothe locytes ,  and t h e i r  n u c l e i  and cy toplasm,  were measured f o r  175-200 
ce l l s  per animal. The r a t i o  of nuc leus  t o  plasma was also determined.  I n  
a d d i t i o n ,  t h e  number of  e n d o t h e l i a l  ce l l s  w i t h  karyopyknos is  and w i t h  2 
n u c l e i  were counted for  a p o p u l a t i o n  of 8000-1000 ce l l s  per  animal. For 
t h e  b iochemica l  p o r t i o n  of  t h i s  s tudy ,  40 r a t s  were ma in ta ined  i n  
i m m o b i l i z a t i o n  cages and 7 s e r v e d  as a c o n t r o l ;  r a t s  were sacrificed on 
days  7 ,  15, 21 and 30 of t h e  experiment .  The c o n c e n t r a t i o n  of serum 
c h o l e s t e r o l  and phospho l ip ids  was determined.  No changes were noted  i n  t h e  
morphological  pa rame te r s  fo r  c o n t r o l  an imals .  I n  the first week o f  
hypokines ia ,  there was an  i n c r e a s e  i n  t h e  area of  t h e  endothe l ium,  
a t t r i bu tab le  t o  i n c r e a s e s  i n  t h e  s i z e  o f  both the n u c l e u s  and t h e  
cytoplasm. I n  the first few days  a concur ren t  i n c r e a s e  was observed  i n  
the number of  ce l l s  w i t h  2 nuc le i .  No d e s t r u c t i v e  changes were observed. 
Toward t h e  end o f  t h e  second week of hypokines ia ,  t h e  p r o p o r t i o n  of cel ls  
w i t h  karypyknosis  and 2 n u c l e i  was c l o s e  t o  the  norm, t h e  area of the  
n u c l e i  was somewhat e l e v a t e d ,  and t h e  i n c r e a s e  i n  cy top la smic  area (and 
of t h e  endothel ium as a whole)  was up sharp ly .  The r a t i o  of  n u c l e u s  t o  
cytoplasm area decreased. Between days  21 and 30, t h e r e  was a n o t h e r  
s u b s t a n t i a l  i n c r e a s e  i n  t he  area o f  cy toplasm,  and between days  25 and 30 
t h e  r a t i o  of nuc leus  t o  cytoplasm dropped aga in ,  d e m o n s t r a t i n g  a decrease i n  
the  f u n c t i o n a l  a c t i v i t y  of t h e  nuc le i .  I n  a d d i t i o n ,  t h e r e  were n o t i c e a b l e  
d e s t r u c t i v e  changes i n  t h e  n u c l e i  d u r i n g  t h i s  period and t h e  p e r c e n t  of 
pyknotized n u c l e i  reached a maximum on day  27. The a u t h o r s  s ta te  t h a t  
such  changes would lead t o  i n c r e a s e d  p e n e t r a b i l i t y  of t h e  endothe l ium,  
p e r s i s t i n g  even af ter  hypok ines i a  had terminated and making i t  easier f o r  
l i p o p r o t e i n s  t o  permeate the  v e s s e l  wall. Days 21 and 30 showed t h e  
h ighes t  l e v e l s  of  hype r l ipemia  w h i l e  t h e  l e v e l  of  phospho l ip ids  showed a 
tendency t o  decrease. The a u t h o r s  conclude  t h a t  days  21 t o  30 of 
hypokines ia  are t h e  most dangerous  from t h e  s t a n d p o i n t  of v a s c u l a r  damage. 

I n  t h i s  s tudy ,  30 ra t s  were ma in ta ined  i n  an i m m o b i l i z a t i o n  

F igures :  F i g u r e  1: Changes ove r  time i n  morphometr ic  p a r a m e t e r s  of the 
a o r t a  endothelium i n  rats s u b j e c t e d  t o  hypok ines i a  

F i g u r e  2: Concen t r a t ion  of cholesterol and phospho l ip ids  i n  blood serum 
of rats undergoing hypok ines i a  
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COSMONAUT T R A I N I N G :  See Human Performance: M94 
CYTOLOGY: See Body F l u i d s :  P348; Radiobiology:  P357, P360 

ENDOCRINOLOGY: See Body F lu ids :  P348, M88; Radiobiology:  BR8, BR9 

ENZYMOLOGY 
(See a l s o :  Exobiology: P343; G a s t r o i n t e s t i n a l  System: P344) 

PAPERS: 

P309(8/86) Smirnov KV, Ruvinova LG, Medkova I L ,  Struchkova TYa, 
Tolmacheva MYa. 
The functional state of the pancreas during long-term bedrest. 
F i z i  o l o g i y a  Cheloveka. 

[9 r e f e r e n c e s ;  3 i n  Eng l i sh ]  
12(  3 ) :  499-502; 1986. 

Enzymology, Pancreas  
Humans, Males 
Hypokinesia ,  Head-down T i l t ,  Bed rest 

Abstract: I n  t h i s  exper iment ,  6 heal thy men (aged 32 t o  46) were s u b j e c t e d  
t o  a 120-day per iod  o f  bed rest w i t h  head-down tilt o f  -4.5O. 
f u n c t i o n  o f  t h e  pancreas  was e v a l u a t e d  by measuring t h e  a c t i v i t y  o f  
p a n c r e a t i c  enzymes, amylase, lipase and t r y p s i n  . i n  duodenal  juice ob ta ined  
on an  empty stomach, and i n  blood serum and ur ine .  Measurements are c i t ed  
f o r  a b a s e l i n e  p e r i o d ,  d a y s  20, 28 ,  29 ,  68, 70 ,  69 ,  95 ,  1 1 0 ,  and 112 o f  t h e  
bed rest t r e a t m e n t  and f o r  days  7,  10 and 25 of a pos t - t r ea tmen t  recovery  
per iod.  The f u n c t i o n a l  state of the pancreas was de termined  through 
u l t r a s o u n d  scanning,  performed i n  t h e  morning on an  empty s tomach,  5 and 14 
days  and 6 months after t e r m i n a t i o n  of the bedrest .  Amylase a c t i v i t y  had 
decreased s i g n i f i c a n t l y  i n  duodenal j u i ce  on day 89 of bed rest, and by day 
110 i t  had r e tu rned  to  normal. Amylase a c t i v i t y  i n  blood i n c r e a s e d  
g r a d u a l l y  and was s i g n i f i c a n t l y  above base l ine  by day 95 of  hypokinesia.  
Three  s u b j e c t s  showed pronounced hyperamylasemia 
c o n c e n t r a t i o n s  of  amylase i n  t h e  blood cont inued through t h e  recovery  
per iod.  Tryps in  a c t i v i t y  i n  duodenal juice was d imin i shed  on days  68, 89 
and 112 of hypokinesia ,  bu t  d i f fered s i g n i f i c a n t l y  from b a s e l i n e  only  on 
day 89. I n  a l l  but  one of the s u b j e c t s  t r y p s i n  i n  duodenal j u i c e  reached 
o r  exceeded b a s e l i n e  l e v e l  d u r i n g  t h e  recovery per iod.  There was a s l i g h t  
tendency f o r  t r y p s i n  t o  i n c r e a s e  i n  t h e  blood d u r i n g  t h e  t r ea tmen t .  
P a n c r e a t i c  l i p a s e  i n  t h e  duodenal j u i c e  was decreased s i g n i f i c a n t l y  a t  a l l  
measurement p o i n t s  d u r i n g  the treatment, 
b a s e l i n e ,  a t t a i n e d  on day 89. 
a c t i v i t y  i n  duodenal ju ice  was still only 5.6% of  base l ine .  Of t h e  6 
s u b j e c t s ,  4 showed i n c r e a s e d  p a n c r e a t i c  l i p a s e  a c t i v i t y  d u r i n g  bed rest, 
f o r  1 s u b j e c t  throughout  t h e  t r e a t m e n t  and f o r  3 d u r i n g  t h e  l a t t e r  p o r t i o n  
o f  t h e  per iod.  P a n c r e a t i c  l ipase a c t i v i t y  i n  u r i n e  d i f f e r e d  s i g n i f i c a n t l y  
from b a s e l i n e  only  on day  70, when i t  was increased .  Ul t rasound scanning  on 
day 5 of  t h e  recovery  pe r iod  r e v e a l e d  s t r u c t u r a l  changes i n  t he  pancreas  i n  
a l l  s u b j e c t s ,  as i n d i c a t e d  by decreased a c o u s t i c  d e n s i t y ,  which is a s i g n  
of edema of t he  parenchyma. I n  add i t ion ,  i n  2 s u b j e c t s  the  head of  the  
panc reas  was found t o  be en la rged ;  i n  3 s u b j e c t s  t h e  t a i l  was en la rged  and 
i n  1 s u b j e c t  both ends were enlarged.  A tendency toward n o r m a l i z a t i o n  of  
t h e  a c o u s t i c  pa rame te r s  of the pancreas  was noted i n  a l l  s u b j e c t s  on day  14 
o f  the r ecove ry  period, and by month 6 no e f f e c t s  o f  the  t r e a t m e n t  

The exoc r ine  

Inc reased  

Its minimum l e v e l  was 5.2% of 
On day 10 o f  t h e  r ecove ry  per iod  l i p a s e  
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P309 
remained. The a u t h o r s  conclude t h a t  t h e s e  r e s u l t s  (changes i n  t h e  enzyme 
spectrum o f  t h e  duodenum, i n c r e a s e d  levels  of  enzymes i n  t h e  blood, and 
edema) demonstrate t h a t  long- tern! hypok ines i a  w i t h  head-down t i l t  
s i g n i f i c a n t l y  affects t h e  f u n c t i o n i n g  of t h e  pancreas.  They d e s c r i b e  t h e s e  
effects as a compensatory form of p a n c r e a t i c  i n s u f f i c i e n c y .  The major 
reasons for t h e  changes observed are f l u i d  s h i f t s  t o  t h e  upper  p o r t i o n s  of 
t h e  body, m i c r o c i r c u l a t o r y  changes i n  t h e  o r g a n s  i n  t h e  abdominal  c a v i t y ,  
and t h e  s e t  of m e t a b o l i c  s h i f t s  i n d i r e c t l y  l i n k e d  t o  t h e  exocrine f u n c t i o n  
of t h e  pancreas. 

Tab le  1: A c t i v i t y  of p a n c r e a t i c  l i p a s e  i n  duodenal ju ice  d u r i n g  and af ter  
120 period of h y p o k i n e s i s  w i t h  head-down t i l t  (n=5)  

Time Pancreatic lipase Significance of difference 
( umole/m/l) from baseline 

Base 1 i ne 63,900 

Hypo k i  nes i a  
Day 20 
Day 68 
Day 89 
Day 110 

45,300 
36,500 

6,900 
3 , 300 

p > 0.1 
p > 0.1 
p < 0.001 
p < 0.001 

Recovery 
Day 10 3,600 p > 0.1 Csicl 

Tab le  2: A c t i v i t y  of p a n c r e a t i c  l i p a s e  i n  blood serum 

F i g u r e  1: A c t i v i t y  of amylase i n  duodenal j u i c e  and blood serum d u r i n g  
a 120-day p e r i o d  of hypok ines i a  wi th  head-down tilt 

F i g u r e  2: A c t i v i t y  of t r y p s i n  i n  duodenal j u i c e  d u r i n g  a 120-day p e r i o d  of 
hypokinesia  wi th  head-down t i l t  

zoo unr7 T T 
150 - 

100 - 
50 - 

68 89 112 lodays zo 
hypokinesia Recovery 

Base- 
line 



EqUIPWENT AND INSTRUMENTATION 

PAPER : 

P328(8/86)* G r i t s u k  A I ,  Dani lova I G .  
A cage for simulating long-term hypokinesia i n  ra t s .  
Kosmicheskaya B io loE iya  i Aviakosmicheskaya Medits ina.  

[ 13 r e f e r e n c e s ;  none i n  E n g l i s h ]  
2 0 ( 3 ) :  75-78; 1986. 

Equipment and I n s t r u m e n t a t i o n ,  Hypokinesia, Immobi l i za t ion  Cage, 
Rats 
Metabolism; N u s c u l o s k e l e t a l  Systems. Tissue R e s p i r a t i o n ,  O x i d a t i v e  

Phosphoryl a t i o n  

Abstract: T h i s  paper is devoted t o  t h e  d e s c r i p t i o n  of an i m m o b i l i z a t i o n  
cage for  s i m u l a t i n g  t h e  effects o f  long-term w e i g h t l e s s n e s s  i n  rats. The 
a u t h o r s  set the  f o l l o w i n g  c r i t e r i a  f o r  t he  cage: 1) It must a l l o w  t h e  an ima l  
t o  m a i n t a i n  i ts  nornial p o s i t i o n  and t o  groom v a r i o u s  par t s  of  i ts body, 
t h u s  d e c r e a s i n g  t h e  g e n e r a l  l e v e l  of stress a s s o c i a t e d  w i t h  hypokinesia.  
2)  There must be a mechanism f o r  varying t h e  e x a c t  s i z e  o f  the cage t o  
c o n t r o l  t h e  s e v e r i t y  o f  t h e  t r e a t m e n t  and t o  accomnodate a n i m a l s  of 
d i f f e r e n t  s i z e s ;  3)  It must be inexpens ive  and easy t o  c o n s t r u c t  and u s e  
( v e n t i l a t i o n ,  d e l i v e r y  o f  food and water ,  s a n i t a t i o n ) ,  and allow for long- 
term o b s e r v a t i o n  of  t h e  g e n e r a l  s ta te  and appearance of  t h e  a n i m a l s ;  4)  It 
must be c o n s t r u c t e d  from materials which are hyg ien ic ,  mechan ica l ly  
s t r o n g ,  c h e m i c a l l y  i n e r t  and have good i n s u l a t i n g  p r o p e r t i e s .  To meet 
t h e s e  c r i te r ia ,  an  8-compartment cage wi th  d imens ions  o f  290 X 180 X 65 mm 
was c o n s t r u c t e d  o u t  o f  wood. The s i z e  of t h e  i n d i v i d u a l  c o n p a r t m e n t s  
allowed t h e  a n i m a l s  t o  assume a n a t u r a l  p o s i t i o n  and t o  groom some p a r t s  
of  t h e i r  bodies. However, t h e i r  movement could be f u r t h e r  res t r ic ted 
th rough  use  of a wooden i n s e r t .  The cages are  p l aced  on a t r a y  made of  
aluminum o r  p l a s t i c  f i l l e d  w i t h  wood shavings,  f a c i l i t a t i n g  i n s u l a t i o n  and 
c l ean ing .  If the s t u d y  r e q u i r e s  c o l l e c t i o n  o f  wastes from i n d i v i d u a l  
a n i m a l s ,  t h i s  t r a y  can be r e p l a c e d  by a compar tmen ta l i zed  one. The c a g e s  
are f i t t e d  w i t h  i n d i v i d u a l  f e e d i n g  t roughs and water bottles.  The cages  
were used i n  a s t u d y  of t h e  effect  o f  140 days  of  hypok ines i a  on t i s s u e  
r e s p i r a t i o n  and o x i d a t i v e  phosphorylat ion o f  muscle  t i s s u e s .  The data 
o b t a i n e d ,  i n c l u d i n g  ev idence  of hyperl ipemia,  and r a p i d  consumption o f  
l i p i d s  by muscle t i s s u e ,  r e i n f o r c e s  c u r r e n t  t h e o r i e s  of m e t a b o l i c  
d i s t u r b a n c e  i n  hypokinesia ,  t h u s  i n d i r e c t l y  conf i rming  the  adequacy of t h e  
cage-based s i m u l a t i o n .  

Table and F i g u r e  T i t les :  Table 1: E f fec t s  o f  long-term hypok ines i a  on 
t i s s u e  r e s p i r a t i o n  i n  s e c t i o n s  o f  myocardia and calf musc le s  of ra ts  

T a b l e  2: The e f fec ts  o f  long-term hypokinesia  on t h e  c o n c e n t r a t i o n  o f  
s u b s t r a t e s  i n  the blood 

F i g u r e  1.  Three views o f  t h e  rat  cage developed. 
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EXOBIOLOGY 
PAPERS : 

P342(8/86) Boychenko, YeA.  
The participation of iron-sulphur proteins i n  the evolution of carbon 
dioxide reductases. 
Z h u r n a l  Evolyutsionnoy Biokhimi i  i F i z i o l o g i i .  

[ 1 5  r e fe rences ;  7 i n  Eng l i sh ]  
A f f i l i a t i o n :  V.I. Vernadskiy I n s t i t u t e  of  Geochemistry and A n a l y t i c  
Chemis t ry ,  USSR Academy o f  Sc iences ,  Moscow 

22( 3) : 221 -225; 1986 

Exobiology, Evolu t ion ,  Aerob ios i s  
Carbon Dioxide Reductases  
I ron-  s u l  phur  P r o t e i n s  

Abstract: I ron - su lphur  p r o t e i n s  are components o f  many ox idoreduc ta ses  
which p a r t i c i p a t e  i n  t h e  c r i t i c a l  p rocesses  of  o x i d a t i o n  and r e d u c t i o n  
w i t h i n  organisms. I n  t h e  cour se  of e v o l u t i o n  of  a e r o b i o s i s ,  v a r i o u s  
changes occurred i n  the  composi t ion  and c a t a l y t i c  a c t i v i t y  of  these 
p ro te ins .  With regard t o  t h e  reductases involved  i n  t h e  e v o l u t i o n  o f  
carbon d ioxide  a s s i m i l a t i o n  r e a c t i o n s ,  these changes moved i n  t h e  
d i r e c t i o n  of i n c r e a s e d  molecular  weight and c o n c e n t r a t i o n  o f  l i p i d s  i n  t h e  
molecules .  I n  t h e  e v o l u t i o n  of  t he  a s s i m i l a t i o n  of  carbon d iox ide ,  
changes i n  the donor-acceptor  i n t e r a c t i o n  o f  metal enzymes is  related t o  
t h e  growth o f  hydrophobic c o n d i t i o n s  i n  t h e  c h l o r o p l a s t .  L i p i d s  
par t ic ipated i n  t h e  i n c l u s i o n  o f  a second metal, manganese, i n  t h e  a c t i v e  
c e n t e r s  of t he  i r o n - c o n t a i n i n g  r educ ta se ,  i n c r e a s i n g  t h e i r  p o t e n t i a l  f o r  
reduct ion .  A 3  e v o l u t i o n  proceeded, t h e  r a t i o  of i r o n  t o  manganese 
decreased. The presence  of  manganese compounds was impor t an t  i n  t h e  
o x i d i z i n g  r e a c t i o n s  which  are concurren t  w i t h  t he  r e d u c t i o n  of  carbon 
dioxide.  By v i r t u e  of  t h e  f o r m a t i o n  o f  l i p i d - m e t a l  complexes,  l i p i d s  
became not on ly  s t r u c t u r a l  components of membranes, bu t  p a r t i c i p a n t s  i n  
t h e  most impor tan t  enzymat ic  r eac t ions .  The c o n c e n t r a t i o n  of t he  bonds 
between c e r t a i n  metals and v a r i o u s  groups o f  l i p i d s  i n c r e a s e d  i n  the  
membranes of the o r g a n e l l e s  i n  comparison w i t h  whole cells. T h i s  enabled  
e l e c t r o n  t r a n s p o r t  r e a c t i o n s  w i t h i n  a greater range  of  ox ida t ion - reduc t ion  
p o t e n t i a l  w i t h  a large number of  e l e c t r o n  donors  and accep to r s .  The 
i n c r e a s e  i n  the  number of  l i p o p h i l i c  metal compounds, d i s s o l v e d  i n  
ace tone ,  was accompanied by an  i n c r e a s e  i n  t h e i r  p o t e n t i a l  f o r  t he  
c a t a l y t i c  a s s i m i l a t i o n  of  carbon d iox ide ,  as well as an  i n c r e a s e  i n  t h e  
l e v e l  o f  l i g h t  a t  which they  could occur  i n  t h e  a e r o b i c  biosphere.  The 
a s s o c i a t i o n  between l i p i d  con ten t ,  r educ ing  c a p a c i t y  o f  r e d u c t a s e  and 
o p t i m a l  l i g h t  was demonst ra ted  by measuring t h e  amount of hydroxamic acid 
produced by carbon d i o x i d e  r e d u c t a s e s  d e r i v e d  f rom c l o v e r  p r o t e i n ,  which 
had been r e p r e c i p i t a t e d  once,  tw ice ,  o r  t h r e e  times w i t h  75% a c e t o n e  and 
exposed t o  va ry ing  l e v e l s  of l i g h t .  
b icarbonate  was used as t h e  e l e c t r o n  donor. 

A s o l u t i o n  o f  hy rdosu lph i t e  and sodium 
R e s u l t s  are shown i n  Table 3. 
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T a b l e  1 : T z r t i c i p a t i o n  of  i ron - su lphur  p r o t e i n s  i n  r e d u c t i o n  
r e a c t i o n s .  

Iron-sulphur proteins and the  
reductases containing them 
(potent ia l  flv) 
Ferredoxins--  i r o n  c o n t a i n i n g  

water s o l u b l e  p r o t e i n s  i n  
ce l l s  ( E o 1  up t o  -0.2V) 

Hydrogenases-- i ron -  f l a v o p r o t e i n s ,  
p a r t i a l l y  bound w i t h  nerrbranes 
( E o '  up t o  + O . l  V) 

Redutases  COz -- i ron - l ipo -  
f l a v o p r o t e i n s  bound w i t h  Rem- 
b ranes  (Eo' U P  t o  3-0.5 V) 

I ron - su lphur  p r o t e i n s  -- i n  
e l e c t r o n -  t r a n s p o r t  systems of 
c h l o r o p l a s t  mercbranes 
( E o '  U p  t o  4-0.8 V) 

Participation i n  reactions 
H e a n s  of carbo- Oxidation-reduction 

hydrate reduction systems 

Reductive ca rboxy la t ion :  Nicot inamides 
CO +acylCoA -> 
keZoacidiCoA 

Reduction: CO,+ F l a v i n n u c l e o t i d e s  

Photoreduct ion:  C02+ Car0 ti  n o i  ds 
R+H2 0- > ( C H 2  0) +R02 

Photosynthes is :  C02+ Chlo rophy l l s  
2H20 -> ( C H 2 0 ? +  
E* o+ o2 

T a b l e  2. Changes i n  i ron - su lphur  p r o t e i n s  i n  t h e  course  of e v o l u t i o n  of  
a e r o b i o s i s  

Iron-sulphur proteins and 
the  reductases containing Lipid content Ratio of i r o n  to 
them (mol.  ut. 1 (% ut.) manganese 

Changes i n  composition 

F e r r e d o x i n s  -- from anaerobic  0 
bacteria (6000 - 9630) 

Manganese no t  found 

Hydrogenases -- from v a r i o u s  2.4 - 10.4 10.1 - 16.1 
algae ( 127000 - 215000) 

c02 Reductases  -- from 
l e a v e s  of f lower ing  p l a n t s  
(323000 - 426000) 

29.8 - 32.5 

Co2 Reductases  -- from 
i s o l a t e d  c h l o r o p l a s t s  
(506000 - 769000) 

4.3 - 8.6 

38.1 - 44.9 1.5 - 2.6 
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T a b l e  3. A c t i v i t y  of C02 r e d u c t a s e s  under  v a r y i n g  l e v e l s  o f  i l l u m i n a t i o n  

Optimum Illumination c% reduction 
(lux) (muM/kg of Fe 

atodhr) 

CO r educ ta se  - 125 
afZer 3 r e p r e c i p i  t a t i o n s  
(26.5 - 29.8) 

C02 r educ ta se  - 250 
a f te r  2 p r e c i p i t a t i o n s  
(31.1 - 32.5) 

C02 r educ ta se  - 500 
a f t e r  1 p r e c i p i t a t i o n  
(34.7 - 39.3) 

C02 r educ ta se  - 1000 
unpur i f i ed  (44.9 - 46.8) 

25.3 - 27.4 

50.1 - 78.9 

80.0 - 88.7 

77.8 - 114.5  

2 8  
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P343(8/86) Karasev V A ,  S te fanov VYe. 
Recombination and s e l e c t i o n  of active d u p l i c a t e d  s t r u c t u r e  as a p o s s i b l e  
path of prebiological e v o l u t i o n  of enzymes. 
Zhurnal  evolyuts ionnoy b iokhimi i  i f i z i o l o g i i .  

[15 r e f e r e n c e s ;  3 i n  Eng l i sh ]  
A f f i l i a t i o n ;  Department of No lecu la r  RiotechnoloEy; Lensovie t  
Technologica l  I n s t i t u t e ,  Leningrad 

22(3):226-232; 1986. 

Exo b i  o l  o&y 
Enzymes 
Evo lu t ion ,  P r e b i o l o g i c a l  

Abstract: T h i s  paper uses the concept ion o f  a system of con juga ted  i o n i c  
hydrogen bonds and a t h e o r e t i c a l  model of e l emen ta ry  open c a t a l y t i c  
sys t ems  (EOCS) t o  d e r i v e  p o s s i b l e  pathways of t h e  e v o l u t i o n  o f  enzymes. 
On t h e  basis of their  a n a l y s i s ,  t h e  a u t h o r s  a rgue  tha t  t he  r ecombina t ion  
and s e l e c t i o n  of t h e  most c a t a l y t i c a l l y  a c t i v e  d u p l i c a t e d  EOCS which 
u t i l i z e d  hydrogen bond con juga t ion  as a means of energy transfer would 
f a v o r  development of  a system having naximum symmetry of sup ramolecu la r  
s t r u c t u r e ,  w i t h  components demonst ra t ing  maximum c h i r a l i t y .  I t  i s  
hypothes ized  t h a t  t h i s  means of gene ra t ing  EOCS v a r i a n t s  would be 
ma in ta ined  throughout  the course  of p r e b i o l o g i c a l  e v o l u t i o n ,  and would be 
i n h e r i t e d  by b i o l o g i c a l  systems. 

Table and Figure :  Table:  Groups of atoms o c c u r r i n g  i n  b i o l o g i c a l  
mo lecu le s  

F igure :  Model of the c a t a l y t i c  a c t i v i t y  of a d imer i c  enzyme 
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P347( 8/66) Imshenetskiy AA,  Lysenko SV, P e t r u k h i n a  TYu, S izova  TP. 
On the  taxonomic c l a s s i f i c a t i o n  of microorganisms i so la ted  from the 
stratosphere and mesosphere. 
M i  k rob io log iya .  

[20 r e f e r e n c e s ;  12 i n  E n g l i s h ]  
A f f i l i a t i o n :  I n s t i t u t e  o f  b!icrobiology, USSR Academy o f  Sciences.  tyloscow; 
M.V. Lonionosov Iloscow Sta te  U n i v e r s i t y  

55( 1 ) :  113-115; 1986. 

Exobiology, Life i n  Space 
Microbiology, Conidia ,  Fungi,  Racteria 
S t r a t o s p h e r e  and Mesosphere 

Abstract: Using a m e t e o r o l o g i c a l  rocket, par t ic les  i n  t h e  upper a tmosphere 
(51-65) were c o l l e c t e d  i n  a c y l i n d r i c a l  c o l l e c t o r  t o  which a s i l i c o n  f i l m  
had been appl ied.  On the  basis of  radzr data and the  f l i g h t  t r a j e c t o r y ,  
i t  was p o s s i b l e  t o  d e t e r m i n e  the a l t i t u d e  a t  which t h e  microbial  c e l l s  
had been obtained.  The samples  c o l l e c t e d  were grown on a p p r o p r i a t e  media  
arid i d e n t i f i e d  u s i n g  s t a n d a r d  techniques.  The mic roorgan i sms  idec t i f  i e d  
are l i s t e d  i n  the  t ab le  below. The predominant o rgan i sms  c o l l e c t e d  were 
s p o r e s  of f u n g i  and pigmented conidia .  ( P i g n e n t a t i o n  would t e n d  t o  
i n c r e a s e  t h e  r e s i s t a n c e  of  t h e  o rgan i sms  t o  solar r a d i a t i o n ) .  There were 
fewer t y p e s  of  b a c t e r i a  t h a n  fungi .  The s t r a i n s  o f  f u n g i  i d e n t i f i e d  d i d  
c o t  shob; any s i g n i f i c a n t  d i f f e r e n c e s  from t y p i c a l  s t r a i n s .  The s t r a i n s  o f  
micrococci ,  however, showed some d i f f e r e n c e s  from t y p i c a l  s t r a i n s  (e.&. 
f a i l u r e  t o  hydro lyze  g e l a t i n ) .  

Table: Species composition of 
the atmosphere. 

Microorganism 

M.luteus 56 
& r o s e u s  57 
B, s u b t i l i s  51 
B . s u b t i l i s  52 
Mucor c i r c i n e l l o i d e q  58 
ScoDularioDsis b r e v i c a u l i s  56 
L niaer 50 
P e n i c i l l i u m  v a r i a b i l e  64 
E chrvsoaenum 53 
L chrvsonenum 54 
L chvrsoaenuq! 66 

L terrestr e 63 
eben-biatr ianum 

microorganisms ident i f i ed  i n  the upper layers  of 

Altitude at  which Number of colonies 
microorganisms identi-  ident i f i ed  
f i e d ,  km 

52-6 1 
52-79 
52-79 
52-79 
52-60 
62.5 
51 -70 
63-84 
52-79 
52-81 
69 
66 
63 

verrucosum c v c l  orium 43 70-81 
P e n i c i l l i u r q  sp.  42 56-79 
p e n i c i l l i u m  sp. 47 52-70 
C l a d O S D O r i  urn c l a d  O S D O r O  i d e s  44 66-81 

1 
2 
2 
1 
2 
1 
4 
2 
2 
4 
1 
2 
2 
2 
3 
3 
3 



EXOBIOLOGY 

MONOGRAPH : 

1492(&/86) Belenkina MS. 
Arena bioloEicheskoy e v o l u t s i i .  Sbornik. (Novoye v z h i z n i ,  nauke, tekhnike.  
Ser. n B i o l o g i y a ' l )  
[The arena of biological evolution. A collection. ( I n n o v a t i o n s  i n  l i f e ,  
s c i e n c e  and technology. flBiologylf S e r i e s )  1 
Moscow: Znaniye;  1986. 
[64 pages J 

Key Words: Exobiology, B i o s p h e r i c s ,  Genet ics ,  Evo lu t ion  o f  Life  

Annotation: T h i s  brochure d i s c u s s e s  t h e  beginning of  l i f e  on Earth a s  a 
n a t u r a l  s t a g e  i n  t h e  e v o l u t i o n  of t h e  Universe. It c o v e r s  t h e  t e n e t s  of 
Opar in f s  t h e o r y  and a l t e r n a t i v e  hypotheses,  as well as problems of the  
o r i g i n  o f  t h e  E e n e t i c  mechanism of  h e r e d i t y ,  the  f c r m a t i o n  of  ch i r a l  
p u r i t y  i n  the b iosphe re ,  and man's conquest o f  space  (as a s t a g e  i n  t he  
p r o c e s s  of e v o l u t i o n  of  terrestr ia l  l i f e ) ,  and a l s o  the o r g a n i z a t i o n a l  
p r i n c i p l e s  of e v o l u t i o n  and t h e  mechanisms gove rn ing  t h e  i n t e r a c t i o n  o f  
s u b s y s t e m s  w i t h i n  v a r i o u s  open systems. 

CONTENTS 
(Numbers i n  p a r e n t h e s e s  refer to  page numbers i n  t h e  o r ig ina l . )  

K.L. G l a d i l i n .  The problem o f  the  o r i g i n  o f  l i f e  (3) 

S.I. Gleizer, K.B. Serebrovskaya. Eow d i d  t h e  E e n e t i c  mechanism o f  
h e r e d i t y  a r i s e ?  (16) 

V.I. Gol'danksiy. The beginning of  l i f e  from t h e  s t a n d p o i n t  of  phys i c s  
( 2 2 )  

O.G. Gazenko, I .P.  Parfenov. The arena of  b i o l o g i c a l  e v o l u t i o n  ( 3 6 )  

G.I. Ruzavin. Synergy, e v o l u t i o n  and ma t t e r  iind locomot ion  ??(47) 

Refe rences  (63) 
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PAPERS : 

P344(8/86) Smirnov KV. 
The efects of microgravity on the  d iges t ive  system [Literal ly:  On the role 
of the gravitat ional  factor i n  production of changes i n  the  d iges t ive  system. 
F i z i o l o g i c h e s k i y  Zhurnal  SSSR imeni  I. 14. Sechenova. 

[ 13 r e f e r e n c e s ;  none i n  E n g l i s h ]  
LXXII(4): 484-489; 1986. 

G a s t r o i n t e s t i n a l  System, Enzymology, P r o t e o l y t i c  Enzymes 
Rats 
Space F l i g h t ,  fTosmos-782,ff 11-936,11 11-1 129,” Ar t i f i c i a l  G r a v i t y  

Abstract: The f u n c t i o n a l  s tate of  the d i g e s t i v e  system of  r a t s  was s t u d i e d  
i n  expe r imen t s  u s i n g  the 11Cosmos-782,11 11Cosmos-936 ,I1 and lTosmos-l 129” 
b i o s a t e l l i t e s .  Each of  t he  three f l i g h t s  invo lved  3 g roups  of rats: ar, 
e x p e r i m e n t a l  group exposed t o  s p a c e  f l i g h t  fcr  19.5 d a y s  (Group I) ,  a 
synchronous c o n t r o l  (Group 111, and a v i v a r o u s  c o n t r o l  (Group 111). 
C e r t a i n  an ima l s  i n  each group were s a c r i f i c e d  5-11 hour s  a f t e r  r e t u r n  t o  
Ea r th ,  w h i l e  o t h e r s  were sacr i f iced 24 days a f te r  landing.  I n  t h e  
experiment  u s i n g  “Cosmos-1 129,” a n i m a l s  were also sacrificed 6 d a y s  
p o s t f l i g h t .  I n  t h e  11Cosmos-93611 expe r imen t ,  an a d d i t i o n a l  group o f  
a n i m a l s  was s u b j e c t e d  t o  a r t i f i c i a l  g r a v i t y  i n  space  by means of 
c e n t r i f u g a t i o n ;  a synchronous c o n t r o l  group was a l s o  exposed t o  
c o n t i n u a l l y  va ry ing  g r a v i t a t i o n a l  force by c e n t r i f u g a t i o n  on t h e  ground. 
The expe r in i ec t e r s  i n v e s t i g a t e d  changes i n  p r o t e o l y t i c ,  ca rbohydrase  and 
l i p o l y t i c  enzyme complexes as r e v e a l e d  i n  enzyme a c t i v i t y  i n  homogenates 
of  t h e  mucous membranes of t h e  stomach and i n t e s t i n e ,  and the  p a n c r e a t i c  
t i s s u e .  Pepsin a c t i v i t y  was measured i n  t h e  mucous rrembrane of t h e  
stomach; t h e  l e v e l  of  t r y p s i n o g e n  and aniylase a c t i v i t y  was d e t e r m i n e d  i n  
t h e  p a n c r e a t i c  t i s s u e ;  and i n v e r t a s e ,  d i p e p t a s e ,  p a n c r e a t i c  l i p a s e  and 
i n t e s t i n a l  monoglyceride l i p a s e  a c t i v i t y  was measured i n  homegenates and 
i n t a c t  surfaces of the i n t e s t i n e .  

Changes a t t r i b u t a b l e  t o  e x p e r i m e n t a l  c o n d i t i o n s  were observed i n  p e p s i n  
a c t i v i t y  i n  homogenates o f  mucous membranes of t h e  stomach. S t a t i s t i c a l l y  
s i g n i f i c a n t  increases i n  t h e  a c t i v i t y  o f  p r o t e o l y t i c  enzymes, t r y p s i n  and 
i ts  zymogen t ryps inogen ,  were observed i n  t he  p a n c r e a t i c  t i s s u e  o f  t h e  
f l i g h t  group a n i m a l s  and, t o  a lesser e x t e n t ,  i n  ra ts  i n  t h e  synchronous 
group d i r e c t l y  a f t e r  l and ing .  C e n t r i f u g a t i o n  no rma l i zed  t r y p s i n o g e n  l e v e l s  
i n  t h e  f l i g h t  and synchronous groups. Immedia t e ly  af ter  space f l i g h t ,  
a c t v i t y  of d i p e p t i d a s e  was e l e v a t e d  i n  homegenates and, t o  a lesser e x t e n t ,  
i n  i n t a c t  t i s s u e  of the  small  i n t e s t i n e .  On day 6 p o s t f l i g h t ,  there  was a 
tendency f o r  a c t i v i t y  t o  decrease. On day  25 p o s t f l i g h t ,  a f u r t h e r  d rop  
was noted. Changes o c c u r r i n g  i n  t h e  synchronous group depended on whether  
t h e  proximal o r  d i s t a l  end o f  t he  i n t e s t i n e  was considered.  P- r t i f ic ia l  
g r a v i t y  d id  n o t  e x e r t  a n o r m a l i z i n g  effect  on t h e  d i p e p t i d a s e  a c t i v i t y  of 
t h e  small i n t e s t i n e .  Space f l i g h t ,  and t o  a lesser e x t e n t  synchronous 
t r e a t m e n t ,  was a s s o c i a t e d  w i t h  a decrease i n  amylase a c t i v i t y  i n  p a n c r e a t i c  
t i s s u e .  C e n t r i f u g a t i o n  l e d  t o  a f u r t h e r  decrease i n  t h i s  a c t i v i t y .  
I n v e r t a s e  a c t i v i t y  was i n c r e a s e d  p o s t  f l i g h t  i n  both homogenates and i n t a c t  
i n t e s t i n a l  t i s s u e .  A smaller i n c r e a s e  was also no ted  i n  i n t e s t i n a l  
houiogenate of t h e  synchronous group. On day 25 p o s t f l i g h t ,  i n v e r t a s e  
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a c t i v i t y  had decreased i n  i n t e s t i n a l  t i s s u e  of bo th  the  f l i g h t  and t h e  
synchronous groups. L ipase  a c t i v i t y  i n  the  p a n c r e a s  i n c r e a s e d  p o s t f l i g h t  
f o r  t h e  e x p e r i m e n t a l  and, t o  a lesser e x t e n t ,  synchronous groups. By day 
25 p o s t f l i g h t  these J.eVdeis had normalized. 
s h a r p  decrease i n  l i p o l y t i c  a c t i v i t y  i n  t h e  p rox ima l  s e c t i o n  o f  t h e  small 
i n t e s t i n e  and s i g n i f i c a n t  i n c r e a s e  i n  t h e  d i s t a l  port ion.  Art i f ic ia l  
g r a v i t y  had no effect  on t h e  a c t i v i t y  of l i p o l y t i c  enzymes. The a u t h o r s  
conclude t h a t  a l l  components of t h e  p r o t e o l y t i c  enzyme c h a i n  are mob i l i zed  
as  a stress r e a c t i o n  t o  space f l i g h t  condi t ions.  Because space  f l i g h t  is 
associated w i t h  a decrease i n  the a c t i v i t y  o f  p a n c r e a t i c  amylase and a 
compensatory i n c r e a s e  i n  i n t e s t i n a l  i n v e r t a s e ,  t h e y  conclude t h a t  t h e  r o l e  
of membrane h y d r o l y s i s  of ca rbohydra t e s  i n c r e a s e s  under s p a c e  f l i g h t  
c o n d i t i o n s .  S ince ,  on t h e  whole, e f f e c t s  were more aiarked f o r  t h e  space  
f l i g h t  t h a n  for  t h e  synchronous groups,  and i n  some cases z r t i f i c i a l  
g r a v i t y  n e u t r a l i z e d  t h e  effects o f  space f l i g h t ,  t h e  a u t h o r s  a t t r i b u t e  a t  
least  some of these effects  t o  mic rograv i ty  and recomnecd a r t i f i c i a l  
g r a v i t y  as a countermeasure.  

F l i g h t  was a s s o c i a t e d  w i t h  a 

I 670 l- 

50D[ 400 m 
T 

n 

F i g u r e  1. P r o t e o l y t i c  a c t i v i t y  i n  the stomach and panc reas  i n  
b iosa t e l l i t e  experiments .  A -- Trypsinogen; B -- pepsin;  1 -- w e i g h t l e s s n e s s ;  
2 -- w e i g h t l e s s n e s s  + c e n t r i f u g a t i o n ;  3 -- synchronous; 4 -- c o n t r o l .  I -- first few hours  p o s t f l i g h t ;  I1 -- day 25 p o s t f l i g h t ;  * -- not  measured; 
Eact -- enzyme a c t i v i t y  ( i n  u n i t s ) .  
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F i g u r e  2: D ipep t idase  a c t i v i t y  i n  t h e  small i n t e s t i n e s  o f  ra t s  i n  
b i o s a t e l l i t e  experiments .  
p o s t f l i g h t  1 - i n t a c t  mucous membrane o f  t h e  small i n t e s t i n e ;  I1 -- 
homegenate of i n t e s t i n a l  mucous (membrane); 1 -- prox ima l ;  2 -- d i s t a l  
p o r t i o n  of t h e  small i n t e s t i n e ;  a -- f l i g h t ;  b -- synchronous; c -- 
c o n t r o l ;  * -- not measured; Eact -- enzyme a c t i v i t y  ( i n  

1: -- first few hours  p o s t f l i g h t ;  C -- day  25 

u n i t s ) .  
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F i g u r e  3: Carbohydrase a c t i v i t y  o f  t h e  pancreas  and small i n t e s t i n e  o f  
ra t s  i n  b i o s a t e l l i t e  experiments .  A -- p a n c r e a t i c  amylase1  B -- 
i n v e r t a s e ;  I -- immedia t e ly  p o s t f l i g h t ;  I1 -- day 25 p o s t f l i g h t ;  1 -- 
f l i g h t ;  2 -- w e i g h t l e s s n e s s  + c e n t r i f u g a t i o n ;  3 -- synchronous; 4 -- 
c o n t r o l ;  a -- proximal;  b -- d i s t a l  pot ion o f  t h e  small i n t e s t i n e ;  * -- 
no t  measured; Eact -- enzyme a c t i v i t y  ( i n  scaled u n i t s ) .  
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GENETICS 
( S e e  a l s o :  Botany: P312; Exobiology: M92; Radiobiology:  P359, P360; BRg) 
PAPERS: 

P315(8/86) Bobkova NN. 
Frequency of sister chromatid exchange i n  blood cells during long-term 
hypokinesia. 
F i z i o l o g i y a  Cheloveka. 
1 2 ( 3 ) :  503-505; 1986. 
E25 r e f e r e n c e s ;  12 i n  E n g l i s h ]  

G e n e t i c s ,  S i s t e r  Chromatid Exchange, Hematology, Leukocytes 
Humans, Males 
Hypokinesia, Head-down T i l t ,  Long-term; Countermeasures ,  E x e r c i s e ,  

I somet r i c  

Abstract: S u b j e c t s  i n  t h i s  expe r imen t  were 7 males ( s e x  n o t  s ta ted,  
i n f e r r e d  from a b b r e v i a t i o n s  of names) who underwent a 120-day pe r iod  o f  
hypokinesia  w i t h  head-down t i l t  (-5'). 
no countermeasures;  t h e  r ema in ing  4 p a r t i c i p a t e d  i n  a d a i l y  1- hour pe r iod  
o f  a s p e c i a l l y  developed i s o m e t r i c  e x e r c i s e  program throughout  t h e  
hypokinesia period. Blood was t aken  from a l l  s u b j e c t s  before and 1 week 
af ter  the  hypok ines i a  t r e a t n e n t .  The blood sample  was c u l t u r e d  f o r  a 
s h o r t  t i r e  i n  a n u t r i t i v e  medium, seeded, and sister ch romat id  exchange 
induced by i n t r o d u c i n g  phytohemaglut in  Difco "P", 5-brondesoxyuridine,  
28 - 30 hours b e f o r e  f i x i n g  the  cel ls .  The c e l l  c u l t u r e  was f i x e d  i n  hour  96, 
s t a i n e d  and processed. A t o t a l  of 210 metaphase ce l l s  were examined before 
the beginning of  the t r e a t m e n t .  The number of  sister ch romat id  exchanges 
i n  t h i s  base l ine  pe r iod  v a r i e d  between 5.12 and 9.56 p e r  cell.  After 
t e r m i n a t i o n  of t h e  hypokinesia ,  21 0 c e l l s  were a g a i n  i n v e s t i g a t e d .  The 
frequency o f  exchanges ranged fron;  6.42 to  10.61 p e r  cell.  I n c r e a s e s  were 
found i n  a l l  i n d i v i d u a l s  i n  t h e  c o n t r o l  group and 3 of  t h e  4 i n  the  
i s o m e t r i c  exercise &roup. However, t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t  f o r  o n l y  the  former group. 

O f  these, 3 ( c o n t r o l s )  were g iven  

Table:  Frequency of  sister ch romat id  exchanges i n  t h e  blood of s u b j e c t s  
before and after a 120-day pe r iod  of hypok ines i a  w i t h  head-down tilt 



GENETICS 

P329( 8/86]' Chabala L I .  
F u n c t i o n a l  and s t r u c t u r a l  t r a n s f o r m a t i o n  of chromosomes i n  v a r i o u s  
p r o l i f e r a t i n g  hemopoietic cells i n  the  bone marrow of w h i t e  rats. 
Kosmicheskaya B ic log iya  i Aviakosmicheskaya Medi tsina. 

[14 r e f e r e n c e s ;  8 i n  Eng l i sh ]  
20(3): 78-80; 1986. 

Genet ics ,  Chromosome Transformat ion;  Hematology, Hemopoietic Cel ls ,  Bone 

Rats 
Splenectomy, Hypoxia 

Marrow 

Abstract: The q u a n t i t y ,  morphology, and d imens ions  o f  the chromosome i n  
bone marrow and p e r i p h e r a l  blood c e l l s ,  as  wel l  as  t h e  u i t o t i c  a c t i v i t y  and 
morphology of  bone marrow cel ls ,  were s t u d i e d  i n  a t o t a l  o f  41 niale w h i t e  
rats. .The rats were d iv ided  i n t o  t h r e e  groups: c o n t r o l  an imals ;  a n i m a l s  
which had had t h e i r  s p l e e n s  removed 5 days p rev ious ly ;  and an ima l s  which 
had been s u b j e c t e d  t o  hypoxia (9000 m a l t i t u d e  e q u i v a l e n t )  i n  a barochamber 
f o r  6 hours  a day over  6 days. A karyotype was cons t ruc t ed  of  79 typ ica l  
metaphase p l a t e s  (63 from bone marrow and 16 from p e r i p h e r a l  blood! of t h e  
c o n t r o l  group. The chromosomes (20 pairs o f  autosomes and XY s e x  
chromosomes) were d iv ided  i n t o  7 groups i n  descending  o rde r  of s i z e ,  w i t h  
due regard f o r  shape. Some polyrcorphism was noted  i n  t h e  three smallest 
pa i r s  of autosomes (18, 19 ana 20), but  t h i s  d i d  not  man i fe s t  i t s e l f  a t  t h e  
l e v e l  of popu la t ion  o r  tissue. Three types  o f  chronosomal  s t r u c t u r e s  were 
i d e n t i f i e d :  I ( p a i r s  18 and 19 a c r o c e n t r i c ;  p a i r  20 m e t a c e n t r i c ) ;  I1 ( p a i r  
1 8  a c r o c e n t r i c ;  p a i r s  19 and 20 metacentric) and I11 (pa i rs  18, 19 and 20 
metacen t r i c ) .  The bone marrow of con t ro l  rats con ta ined  t h e  g r e a t e s t  
number of  cel ls  (44%) w i t h  Type I1 o r g a n i z a t i o n  and the  fewest (20%) w i t h  
Type I. P e r i p h e r a l  blood showed o n l y  Type I1 s t r u c t u r e .  Type I1 i s  
desc r ibed  as c h a r a c t e r i s t i c  of  t he  lymphocyt ic  series. I n  rats which had 
had t h e i r  s p l e e n s  removed, t h e  number of negaka ryocy tes  i n  marrow had 
increased by a f a c t o r  of  4.7 i n  comparison w i t h  c o n t r o l  animals .  I n  
a d d i t i o n ,  the' m i t o t i c  a c t i v i t y  of the c e l l s  of t h i s  group had i n c r e a s e d  by 
a f a c t o r  of 1.5 and t h e  number of metaphases w i t h  Type I chromosome 
s t r u c t u r e  had i n c r e a s e d  by a f a c t o r  of 3.7. The i n c r e a s e  i n  t h e  number of  
megakaryocytes and t h u s  o f  metaphases  wi th  Type I chromosomal o r g a n i z a t i o n  
d e m s o n s t r a t e s  t h a t  t h i s  type  i s  c h a r a c t e r i s t i c  of t h e  hemopoie t ic  
megakaryocyte series i n  rats,  t h e  d i s t i n g u i s h i n g  feature of  which  is t h a t  
chromosome p a i r s  18 and 19 are a c r o c e n t r i c ,  whi le  p a i r  20 is metacen t r i c .  
The rats exposed t o  hypoxia e x h i b i t e d  an i n c r e a s e  i n  m i t o t i c  a c t i v i t y  i n  
t h e  marrow by a f a c t o r  o f  1.9 compared t o  c o n t r o l  l e v e l ,  and an imrease by 
a f a c t o r  of 2.1 of the e r y t h r o i d  series. The number of metaphases w i t h  
Type I11 o r g a n i z a t i o n  i n c r e a s e d  by a f a c t o r  o f  1.9, i n d i c a t i n g  t h a t  Type 
I11 corresponds  t o  the e r y t h r o c y t i c  of c e l l s  and is  c h a r a c t e r i z e d  by the 
fact t h a t  chromosome pa i rs  18, 19 and 20 are me tacen t r i c .  

F igure :  Type I, Type I1 and Type 111 s t r u c t u r a l  o r g a n i z a t i o n s  o f  
chromosomes i n  t he  bone marrow o f  whi te  rats i n  the  c o n t r o l  group 
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GROUP DYNAMICS 

PAPER : 

P345 ( 8/ 86 1 Tsukanova YeV. 
Experimental invest igation of impeded communication under conditions of 
t i m e  pressure. P a r t  11. Types of creat ive  personal communication a r i s i n g  
during interaction i n  the  presence of extreme factors. 
In :  Kovyye i s s l e d o v a n i y a  v p s i k h o l o g i i .  [Xew research i n  psychology]. 
~ M O S C O W :  Pedagogika; 1985. pp. 52-59. 
A f f i l i a t i o n :  N.V. Gogol' S t a t e  Pedagogic I n s t i t u t e ,  Nezhin??. 

Group Dynamics, Communication 
Eiumans, I n d i v i d u a l  D i f f e r e n c e s ,  E x t r o v e r s i o n ,  Neuros i s  
Extreme Condit ions,  Tine P r e s s u r e  

Abstract: I n  t h i s  s tudy ,  g roups  o f  two s u b j e c t s  (ltdyadslt) were asked t o  
perform a d i f f i c u l t  problem s o l v i n g  t a s k  i n v o l v i n g  a maze. 
were given u n l i m i t e d  time t o  complete  t h e  t a sk ,  w h i l e  o t h e r s  were placed 
under t ime p res su re .  The time p r e s s u r e  c o n d i t i o n  was cons ide red  a model 
o f  extreme c o n d i t i o n s ,  w h i l e  t h e  o t h e r  c o n d i t i o n  was referred t o  as 
op t ima l .  A l l  communications between members of the dyad were recorded and 
s e r v e d  as e x p e r i m e n t a l  material. The a u t h o r  hypo thes i zed  t h a t  
communication i n  t h e  t i m e  p r e s s u r e  c o n d i t i o n  would be more a c c u r a t e  and 
i n n o v a t i v e  (here,  c a l l e d  l t c r ea t ive l t ) ,  because of  t h e  prernium p laced  on 
e f f e c t i v e  communication. On t h e  b a s i s  of  t h e  r e s u l t s ,  t h e  a u t h o r  
concludes t h a t  t h i s  is t h e  case. I n  p a r t i c u l a r ,  i n c r e a s e d  use  of  
nonverbal  and p a r a l i n g u i s t i c  (e.&, i n t o n a t i o n )  communication, both a lone ,  
and as  redundant suppor t  f o r  v e r b a l  commucication was no ted  under t h e  time 
p r e s s u r e  condi t ion.  S u b j e c t s  composing t h e  d y a d s  were selected fo r  
ex t r eme  values  on e i t h e r  a scale of e x t r o v e r s i o n - i n t r o v e r s i o n  o r  high-low 
neuro t i c i sm,  accompanied by moderate v a l u e s  on the  o t h e r  scale. It was 
found t h a t  non-neurot ic  s u b j e c t s  used more i n n o v a t i v e  means of 
communication under time p r e s s u r e  than  n e u r o t i c  s u b j e c t s ;  no e f f ec t  
a t t r i b u t a b l e  t o  extroversion-introversioc was observed. Although t h i s  is  
not stated d i r e c t l y ,  there  was a p p a r e n t l y  a l s o  no e f fec t  of whether  
members of t he  dyad had similar o r  o p p o s i t e  scaled s c o r e s  on e i ther  of  
these two dimensions.  

C e r t a i n  dyads 



HABITABILITY AND ENYIRONHENT EFFECTS 
(See a l so :  Imnucology: P349) 

PAPERS: 

P334( 8/86]" Yasnetsov VV,  Chukayev VV, Karsanova SK, Polkov VL. 
On the  p r o t e c t i v e  effects of endogenous morphine-like s u b s t a n c e s  on a c u t e  
hypoxia in mice. 
Kosmicheskaya B i o l o g i y a  i Aviakosmicheskaya Kedi t s i n a .  

[ l 3  r e f e r e n c e s ;  4 i n  E n & l i s h l  
20(3):  87-88; 1986. 

H a b i t a b i l i t y  and Environment Effects,  Hypoxia 
E l i  c e 
Countermeasures,  Morphine-like Substances,  Agonists  and A n t a g o n i s t s  

Abstract: 
exposed t o  a c u t e  hypoxia i n  a barochamber, t h e  c o n d i t i o n s  o f  which were 
e q u i v a l e n t  t o  an  a s c e n t  t o  a n  a l t i t u d e  o f  10,500 - 10,700 IU a t  a rate of 
30 m/sec. The o b j e c t i v e  was t o  determine how l o n g  the  rats s u r v i v e d  under  
these cond i t ions .  Before exposure  t o  hypoxia, subgroups of t h e  a n i m a l s  
were i n j e c t e d  p e r i t o n i a l l y  w i t h  doses  of v a r i o u s  morphine- l ike s u b s t a n c e s ,  
two s p e c i f i c  a n t a g o n i s t s  of  o p i a t e s ,  naloxone hydroch lo r ide  (a p u r e  
a n t a g o n i s t ) ,  and n a l o r p h i n e  hydorochlor ide ( an  a g o n i s t - a n t a g o n i s t ) ,  and two 
n a r c o t i c  a n a l g e s i c s ,  morphine (a pu re  a g o n i s t  of  o p i a t e  r e c e p t o r s )  and 
pen tazoc ine  hydroch lo r ide  (hav ing  weak a n t a g o n i s t  p r o p e r t i e s ) .  Drugs were 
a d m i n i s t e r e d  a t  i n t e r v a l s  of 5-10 minutes f o r  naloxone o r  15-20 m i n u t e s  f o r  
the  o t h e r  t h r e e  d rugs  b e f o r e  t h e  n i c e  were p laced  i n  t h e  barochamber. 
Con t ro l  a n i m a l s  were i n j e c t e d  w i t h  a placebo. F!orphine i n  a dose  of 10 
mg/kg and pen tazoc ine  i n  a dose of 25 ug/kg i n c r e a s e d  s u r v i v a l  time. 
Lesser doses  (1 and 10 mg/k&) of pentazocine tended t o  decrease t h i s  
pa rame te r ,  which t h e  a u t h o r s  a t t r i b u t e  to  a n t a g o n i s t i c  p r o p e r t i e s  o f  t h e  
drug. The a n t a g o n i s t  d rugs  naloxone and n a l o r p h i n e  ( a t  1 mg/kg) s h o r t e n e d  
t h e  time the a n i m a l s  l i v e d  i n  a c u t e  hypoxia, and i n c r e a s e d  t h e  number which  
d i ed  d u r i n g  t h e  ascent .  When the  dosage of n a l o r p h i n e  was i n c r e a s e d  t o  5- 
10 nig/kg t h e  l i f e  s h o r t e n i n g  e f f ec t  vi?s decreased; t h i s  was a t t r i b u t e d  by 
the  a u t h o r  t o  na lo rph ine ' s  morphine l i k e  p r o p e r t i e s .  These r e s u l t s  a r e  
i n t e r p r e t e d  a s  s u g g e s t i n g  t h a t  endogenous morphine- l ike s u b s t a n c e s  have a 
p r o t e c t i v e  effect  on a n i m a l s  exposed t o  a c u t e  hypoxia. 

I n  t h e  expe r imen t  described he re ,  o u t b r e d  w h i t e  niale mice were 

Table:  Effect of d r u g s  on t h e  l e n g t h  of time mice s u r v i v e  hypobar i c  
hypoxia 
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HEMATOLOGY 
(See a l s o :  Gene t i c s :  P315, P329; Radiobiology:  P356, P358) 

PAPERS: 

P318(8/86)* Eugrov SA, Kise lev  RK,  Beleda RV,  Plakhatnyuk V I ,  Artamonov 
NN, Ivanchikov AP, Tsyganok VA.  
Blood l i p i d s  and incidence of hyperlipemia i n  f l ight crews. 
Kosnicheskaya R io log iya  i Aviakosmicheskaya t!edi t s i n a .  

[20 r e f e r e n c e s ;  7 i n  Engl i sh]  
20(3):  39-43; 1986. 

Hematology, Blood L i p i d s ,  Hyperlipemia 
Humans, F l i g h t  Crews, Card iovascu la r  D i so rde r s  
Opera t iona l  Medicine,  Diagnos is  

Abstract: I n  t h i s  exper iment ,  t h e  a u t h o r s  measured c h l o r e s t e r o l  and 
t r i g l y c e r i d e  c o n c e n t r a t i o n s  i n  t he  blood serum o f  2186 members of f l i g h t  
crews. Blood was talcen i n  t h e  morning on an empty stomach. Age (ages  20-49 
a t  5-year i n t e r v a l s )  norms were e s t a b l i s h e d  on t h e  b a s i s  o f  c o n c e n t r a t i o n s  
of  these subs tances  i n  t h e  blood of more than  1500 s u b j e c t s  who were e i the r  
f l i g h t  c e r t i f i e d ,  o r  no t  ce r t i f i ed  f o r  r easons  o t h e r  than c a r d i o v a s c u l a r  
disease. Norms e s t a b l i s h e d  were compared w i t h  those  of o t h e r  au thors .  
Using these norms, a l i n e a r  r e g r e s s i o n  was d e r i v e d  r e1a t i r . g  age,  h e i g h t  and 
body weight  t o  norrcal va lues  of  serum c h l o r e s t e r o l  and t r i g l y c e r i d e s .  I n  
t h e  heal t h y  popu la t ion ,  l i p i d  l e v e l s  never exceeded t h e  s t anda rd  by more 
t h a n  10%. Among t h o s e  w i t h  c a r d i o v a s c u l a r  d i s o r d e r s  a s s o c i a t e d  w i t h  
a r t e r i o s c l e r o s i s ,  c o n c e n t r a t i o n s  of  c h l o r e s t e r o l  and t r i g l y c e r i d e s  always 
exceeded the norms by uo re  than  10%. On t h e  bas i s  of t h i s  data,  i t  was 
proposed to  d iagnose  hype r l ipemia  i n  anyone w i t h  c h l o r e s t e r o l  o r  
t r i g l y c e r i d e  l e v e l s  greater than  10% above t h e  recommended v a l u e  f o r  h i s  
age group. Examinat ion of a l l  nembers of t h e  f l i g h t  crew from t h i s  
s t a n d p o i n t  i n d i c a t e d  rather h igh  levels of hyper l ipemia .  (See tab le  3.) 
The a u t h o r s  recoumend t h i s  d i a g n o s t i c  i n d i c a t o r  f o r  u s e  i n  e a r l y  d i a g n o s i s  
and p r e s c r i p t i o n  o f  coun te rEeasu res  i n  f l i g h t  crews. 

Table 1: Phys io logica l  norms f o r  blood l i p i d s  among h e a l t h y  members of  
f l i g h t  crews o f  d f f e r e n t  ages 

Age 
Blood Lipid 20-24 25-29 30-34 35-39 40-44 45-49 

C h l o r e s t e r o l ,  mniol/l 4.59 4.95 5.29 5.39 5.78 6.06 

T r i g l y c e r i d e s ,  mmol/l 1.45 1.55 1.56 1.76 1.88 1.96 

Note: o r i g i n a l  t ab le  c i t e s  o t h e r  s ta t i s t ics  i n  a d d i t i o n  t o  mean. 

Table 2: Concent ra t ion  of  blood l i p i d s  i n  h e a l t h y  members o f  f l i g h t  c rews  
compared w i t h  publ i shed  d a t a  
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HEMATOLOCY 

P318 

Table  3: I n c i d e n c e  of hype r l ipemia  ( i n  $1 i n  members o f  f l i g h t  crews 
(Nunibers i n  p a r e n t h e s e s  refer t o  nuniber of s u b j e c t s . )  

Age Group Chloresterol Triglycerides 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

28.9 (207) 32.4 ( 1 1 1 )  
31.7 (406) 32.1 (244) 
35.8 (520) 40.8 (281) 
33.4 (577) 48.0 (281) 

33.2 (241) 43.6 (195) 
35.6 (233) 46.4 (153) 
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HEMATOLOGY 

P321 ( P / 8 6 ) *  Goncharov I B ,  Ivanov AP, Davydkin AF, Kudryashova ZhV. 
The effect of hemodialysis on the rheological  properties of blood during a 
7-day period of hypokinesia with head-down tilt and i n  
Kosnicheskaya B io log iya  i Aviakosmicheskaya Pledi t s i n a .  

studies .  

Z O ( 3 ) :  50-53; 1986. 
13 r e f e r e n c e s ;  4 i n  E n g l i s h ]  

Hematology, Blood, Hemorheology 
Humans, Males 
Hemodialysis,  Hypokinesia,  Head-down T i l t  

Abstract: Nine h e a l t h y  ma les  were s u b j e c t e d  t o  a 7-day pe r iod  of  
hypokinesia  w i t h  head-down t i l t  of  -8O. 
blood d i a l y s i s  was performed u s i n g  a c t i v a t e d  c h a r c o a l  (SKfJ-2M) a s  a 
f i l t e r .  Blood f o r  t h e  s t u d y  was drawn i n  t h e  b a s e l i n e  pe r iod ,  and twice 
on day  7 of' hypokinesia ,  once b e f o r e  and occe a f t e r  hemodialysis .  Blood 
p a r a m e t e r s  measured i n c l u d e d  v i s c o s i t y ,  y i e l d  p o i n t ,  e r y t h r o c y t e  
a g g r e g r a t i o n ,  h e m a t o c r i t ,  and c o n c e n t r a t i o n  of hemoglobin. I n  a d d i t i o n ,  
i n t r a o c u l a r  p r e s s u r e  and p r e s s u r e  i n  the  c e n t r a l  r e t i n a l  artery, and 
diameters of t h e  r e t i n a l  a r t e r y  and v e i n  were measured. Hypokinesia 
w i t h  head-down t i l t  s u b s t a n t i a l l y  affected most of t h e  r h e o l o g i c a l  
p a r a m e t e r s  of t h e  blood. V i s c o s i t y  was s i g n i f i c a n t l y  g r e a t e r  t h a n  
b a s e l i n e  value,  as were h e m a t o c r i t  and hemoglobin i n t e n s i t y .  After 
hemodia lys i s ,  these r h e o l o g i c a l  p r o p e r t i e s  r e t u r n e d  t o  t h e i r  b a s e l i n e  
values .  These d a t a  sugges t  t h a t  h e m o d i a l y s i s  would a l s o  have a p o s i t i v e  
effect  on m i c r o c i r c u l a t i o n .  T h i s  was confimed by t h e  d i r e c t  o b s e r v a t i o n  
o f  t h e  v e s s e l s  o f  t h e  eye,  b e f o r e  and af ter  hemodialysis .  

OR t h e  seven th  day, ve in - to -ve in  

Ln v i t r o  s t u d i e s  o f  donors '  blood were a l s o  performed b e f o r e  and a f t e r  i t  
was perfused through SKN-2M. T h i s  was done w i t h  non-oxygenated blood and 
a l s o  w i t h  blood which had been oxygenated f o r  10 rcinutes,  d u r i n g  which 
p a r t i a l  oxygen p r e s s u r e  i n c r e a s e d  an ave rage  of 100% ove r  s t a r t i n g  l e v e l .  
I n  v i t r o  d i a l y s i s  cf non-oxygenated blood l e d  t o  s i g n i f i c a n t  decreases i n  
most of  the r h e o l o g i c a l  p a r a m e t e r s ,  w i t h  t h e  e x c e p t i o n  o f  hemoglobin and 
hematocrit. T h i s  procedure decreased blood t o x i c i t y  by a mean of 50:. 
Combination o f  blood oxygenat ion and h e m o d i a l y s i s  f u r t h e r  decreased t h e  
v a l u e  of the r h e o l o g i c a l  p a r a m e t e r s  and t o x i c i t y .  The a u t h o r s  s u g g e s t  
hemodia lys i s  a s  a countermeasure f o r  r h e o l o g i c a l  d i s o r d e r s  i n  cosmonauts 
a r i s i n g  i n  response t o  a combina t ion  of space f l i g h t  f a c t o r s  and i l l n e s s .  

Table t i t l e s :  T a b l e  1 : Mean hemorheo log ica l  p a r a m e t e r s  before and after 
hemodialysis  i n  i n d i v i d u a l s  undergoing hypok ines i a  t r i  t h  head-down tilt 

Table 2: Pa rame te r s  of m i c r o c i r c u l a t i o n  before and d u r i n g  he rnod ia lys i s  on 
day  7 of hypokinesia w i t h  head-down t i l t  

Tab le  3: Wemorheological and hematological p r o p e r t i e s  of donors '  blood 
b e f o r e  and a f t e r  hemodia lys i s  

Table  4: Hemorheological and h e m a t o l o g i c a l  p r o p e r t i e s  of donors '  blood 
b e f o r e  and after hemodia lys i s  
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P317(8/86)* Khachatur 'yants  LS, Yepishkin AK. 
Work capacity of operators w i t h  a tracking system under conditions of 
hypokinesia with head-down tilt. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Medi t s ina .  

[17 r e f e r e n c e s ;  none i n  Engl i sh]  
20 (3 ) :  36-39; 1986. 

Human Perf ornance  , Tracking  
Humans, Opera to r s ,  Males, Typology 
Hypokinesia,  Head-down T i l t ;  Neurophysiology, C e n t r a l  Nervous System 

Abstract: I n  this expe r imen t ,  12 males, aged 18-34, were s u b j e c t e d  t o  a 
56-hour period of hypokines ia  w i t h  head-down tilt (-10' - 15'). 
this t r e a t m e n t  began, a l l  s u b j e c t s  were t r a i n e d  t o  perform a 
t r a c k i n g  t a s k  u s i n g  a cathode r a y  tube  and a hand con t ro l .  This t a s k  
invo lved  three target motion programs of i n c r e a s i n g  d i f f i c u l t y :  s i m p l e  
motion; p re sence  of lag time between c o n t r o l  a c t i o n  and target response ;  
and s i n u s o i d a l  movement. After l e a r n i n g  to perform t h e  t a sk  i n  a seated 
p o s i t i o n ,  s u b j e c t s  p r a c t i c e d  i t  i n  a h o r i z o n t a l  p o s i t i o n  w i t h  head s l i g h t l y  
e l eva ted .  During hypokines ia ,  s u b j e c t s  were tested a t  t a s k  per formance  16 
times and t h e i r  performance was eva lua ted  on t h e  basis of mean d i s t a n c e  between 
s t i m u l u s  and tracker. I n  a d d i t i o n ,  v i sua l  and a u d i t o r y  r e a c t i o n  and 
r e p r o d u c t i o n  of time i n t e r v a l s  were tested 12 times i n  each sub jec t .  
Because performance on the time i n t e r v a l  t a s k  is cons ide red  t o  reflect 
t h e  ba l ance  between inh ib i to ry  and e x c i t a t o r y  processes in t h e  c e n t r a l  nervous  
system, s u b j e c t s  were d i v i d e d  i n t o  groups on the b a s i s  of how they 
Performed on t h i s  task. Group 1 ( i n h i b i t o r y  process dominant )  i nc luded  
those who unde res t ima ted  time i n t e r v a l s  i n  t h e  baseline c o n d i t i o n ;  Group 2 
( e x c i t a t o r y  processes dominant) ove res t ima ted  t h e  i n t e r v a l s ;  and Group 3 
estimated them c o r r e c t l y .  While undergoing hypokines ia ,  Group 1 
i n d i v i d u a l s  tended  to  f u r t h e r  unde res t ima te  time i n t e r v a l s ,  and Group 2 
i n d i v i d u a l s  t o  f u r t h e r  o v e r e s t i m a t e  them; Group 3 s u b j e c t s  showed both  
responses.  S u b j e c t s  i n  Groups 2 and 3 were f u r t h e r  subd iv ided  on t h e  
basis of changes i n  t h e i r  time e s t i m a t i o n  p a t t e r n  under hypokinesia.  
Group 2a showed greater i n c r e a s e  i n  t h e i r  o v e r e s t i m a t i o n  t h a n  Group 2b. 
Group 3a tended  to  u n d e r e s t i m a t e  i n t e r v a l s  s l i g h t l y  w h i l e  undergoing 
hypokines ia ,  while Group 3b tended  t o  o v e r e s t i m a t e  them s l i g h t l y .  Members 
of Group 1 and Group 2a showed t h e  poorest  per formance  on d i f f e r e n t  
v e r s i o n s  of the  tracking t a s k  d u r i n g  hypokines ia  and also the  l o n g e s t  
r e a c t i o n  time. The a u t h o r s  conclude t h a t  the effect of hypok ines i a  wi th  
head-down tilt on t h e  e x c i t a t o r y  o r  i n h i b i t o r y  p roceses  i n  t h e  c e n t r a l  
nervous system is a f u n c t i o n  of c e n t r a l  nervous  system type. The b e s t  
per formance  under this t r e a t m e n t  was associated w i t h  operators who react 
w i t h  a moderate i n c r e a s e  i n  e x c i t a t o r y  predominance. 
which these c o n c l u s i o n s  are based were o b t a i n e d  w i t h  ve ry  f e w  subjec ts . ]  

Before 

[NB: t h e  r e s u l t s  on 

Tables: Table 1 : Performance parameters of operators undergoing 
hypok ines i a  with head-down tilt 
Table 2: Comparison of the performance of operators undergoing  hypok ines i a  
w i t h  head-down tilt 

43 



HUHAN PERFORMANCE 

P351 (R/86)  Stepanova L P ,  Eozhdestvenskaya V I .  
Characteristics of work capacity during performance of a monotonous task. 
Voprosy Psikholoci  i. 

[21 r e f e r e n c e s ;  none i n  E n g l i s h ]  
1986 ( 3)  : 121 -1 27. 

Eunian Performance, Work Capac i ty  , Assembly Line Task 
Eumans, Operators 
bIonotony 

Abstract: The a u t h o r s  s t a r t  from t h e  p r o p o s i t i o n  t h a t  there are two classes 
of c r i t e r i a  f o r  d e f i n i n g  work a s  monotonous, t h e  a u t h o r s  conclude t h a t  
there  a r e  two classes o f  such f a c t o r s ,  t h o s e  r e l a t i n g  t o  m u l t i p l e  
r e p e t i t i o n s  of  the sarue a c t i o n ,  acd t h o s c  r e l a t i n g  t o  low l e v e l  of  s e n s o r y  
s t i m u l a t i o n .  l i ea su res  used o r  sugges t ed  t o  decrease monotony a l s o  f a l l  i n t o  
two classes, depending on which a s p e c t  of  monotony i s  addressed. P rev ious  
work examining t h e  effects o f  t h e s e  two c l a s s e s  g e n e r a l l y  has r e v e a l e d  t h a t  
measures  directed a t  a m e l i o r a t i n g  t h e  r e p e t i t i v e n e s s  o f  monotonous work 
have l e d  t o  improvement o f  t h e  l lobject ivel '  n e g a t i v e  consequences o f  
monotony, e.g., changes i n  p u l s e  r a t e  and r e a c t i o n  time. On the o t h e r  
hand, measures d i rec ted  a t  i n c r e a s i n g  s e n s o r y  s t i m u l a t i o n  d u r i n g  monotonous 
work, t y p i c a l l y  through the  i n t r o d u c t i o n  of music,  have tended t o  
a m e l i o r a t e  t h e  s u b j e c t i v e  e f fec ts  o f  monotony such  as d e c r e a s i n g  r e p o r t e d  
f a t i g u e .  T h i s  l e d  t h e  t iuthors  t o  hypo thes i ze  t h a t  there a r e  two d i s t i n c t  
t y p e s  o f  monotony: one t h a t  i n v o l v e s  r e p e t i t i o n  of t h e  same o r  similar 
s t i n u l i  or motions,  and one t h a t  i n v o l v e s  i n s u f f i c i e n t  s t i m u l a t i o n  or 
movement. The expe r imen t s  descr ibed bclow were des igned  t o  t e s t  t h i s  
hypothesis.  f n  t h e  first c o n d i t i o n ,  (N=15) c h a r a c t e r i z e d  by both t y p e s  of  
monotony, s u b j e c t s  performed s i m p l e  assembly l i n e  o p e r a t i o n s  i n v o l v i n g  3-11. 
elemer.ts  and l a s t i n g  3.7 seconds pe r  ope ra t ion .  I n  t he  second c o n d i t i o c  
0?=15), the opera t iom performed were i d e n t i c a l  t o  t h o s e  i n  t h e  f irst ,  bu t  
s t i m u l a t i o n  d e f i c i t  was reduced by p l a y i n g  music. I n  t h e  t h i r d  c o n d i t i o n  
(1:=24), r e p e t i t i v e n e s s  was reduced by i n c r e a s i n g  t h e  l e n g t h  of each 
o p e r a t i o n  t o  36.7 seconds and r e a s s i g n i n 6  worke r s  t o  d i f f e r e n t  a s s e n b l y  
t a s k s  4-6 t imes d u r i n g  a s h i f t .  An o b j e c t i v e  index  o f  work c a p a c i t y  was 
computed from data  on muscular  s t r e n g t h  of t h e  r i gh t  hand, s t a t i c  muscu la r  
endurance,  and l a t e n c y  o f  a s i m p l e  c o n d i t i o n e d  motor response.  The i n d e x  
was computed on t h e  basis of  mean number of i n s t a n c e s  where a measurement 
exceeded (was an improvement ove r )  b a s e l i n e  d a t a ;  remained unchanged; an4 
was l ower  (worse) than  base l ine .  Workers performed t h e i r  t a s k s  f o r  f o u r  
(presumably f u l l  working) days. The f i rs t  day was cons ide red  a 
f a m i l i a r i z a t i o n  period. I n  t h e  3 subsequen t  days,  5 measuremects  were 
made each day ( 4  i n  c o n d i t i o n  3):  b e f o r e  t h e  beginriing o f  the s h i f t ,  1, 2 
and 6.5 hours af ter  t h e  beginnin& of t h e  s h i f t ,  and a f te r  the s h i f t  ended. 
( I n  cond i t ion  3, t h e  t h i r d  measurement p o i n t  was omit ted.)  Immedia t e ly  
zf ter  measurements were made, s u b j e c t s  were asked t o  rate t h e i r  f a t i g u e  on 
a scale.  

As presented i n  Tab le  1 ,  where both monotony factors were p r e s e n t ,  t h e  
i n t e c r a t e d  i n d e x  was l o w e r  than  when a s i n g l e  fac tor  was ope ra t ive .  When 
t h e  two s i n g l e  f a c t o r  c o n d i t i o n s  were compared, i t  appeared t h a t  t h e  i n d e x  
dropped l e a s t  when t h e  r e p e t i t i v e  n a t u r e  of t h e  t a sk  was improved 
( c o n d i t i o n  3) .  The s u b j e c t i v e  assessment o f  f a t i g u e  was a g a i n  most 
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P351 

a f f e c t e d  when both uonotony cond i t ions  were p r e s e n t  c o n d i t i o n  1. This  
parameter  i n c r e a s e d  l ess  i r ,  c o n d i t i o n  2 ,  where senso ry  d e f i c i t  was 
inp roved ,  than i n  c o n d i t i o n  3. The au tho r s  conclude that :  1) t h e  
r e l a t i o n s h i p  between o b j e c t i v e  and s u b j e c t i v e  n e a s u r e s  of  work c a p a c i t y  i n  
performance of assembly l i n e  ope ra t ions  suppor t  the  h y p o t h e s i s  t h a t  there 
a r e  two d i f f e r e n t  a s p e c t s  of monotony; 2)  r e p e t i t i v e  mor.otony, o c c u r r i n g  
when t h e  same o p e r a t i o n  must be repea ted  f r e q u e n t l y ,  affects a number of 
p h y s i o l o g i c a l  pa rame te r s  of work capac i ty ,  and l e s s  s t r o n g l y  a f f e c t s  
s u b j e c t i v e  s e n s a t i o n s  of  f a t i g u e ;  3) s enso ry  d e p r i v a t i o n  monotony, 
o c c u r r i n g  when there i s  a d e f i c i t  i n  meaningful s t i n u l a t i o n ,  surfaces 
mainly i n  s u b j e c t i v e  a s s e s s n e n t s  o f  f a t i g u e ,  and l ess  s t r o n g l y  i n  . 

p h y s i o l o g i c a l  parameters; 4) t o  minimize or prevent  the  monotony of 
r e p e t i t i o n ,  t h e  e n t i r e  task s t r u c t u r e  must be changed. To minimize  o r  
p reven t  monotony caused by sensory  depr iva t ion ,  it may be enough t o  a l te r  
t h e  working environment  wi thou t  changing t h e  t a s k  i t se l f .  

Table  1 .  Changes i n  work capacity i n  v a r i o u s  t y p e s  of  nonotony. 

Work capacity Monotony Measurement Points 
Parameter Condition Before s h i f t  During Shift  After S h i f t  

I n t e g r a  fed Both a s p e c t s  0 
Index (Cond 1 )  

R e p e t i t i o n  0 
(Cond 2) 

Depr iva t ion  0 
(Cond 3 )  

Fa t i e u e  Both aspects 0.5 
Assessment (Cond 1)  

R e p e t i t i o n  0.06 
(Cond 2 )  

Depr iva t ion  0.2 

1 hour 2 hours 6.5 hours 

-0.25 -0.47** -0.33" -0.32 

-0.34 -0.36 -0.30 -0.27 

-0.08 -- -0.25" -0.23 

0.4 1.67"" 2.3 2.5 

0.06 0.22 1.3*** 1.78** 

0.4 -- 1.82"*" 2.3% 

* d i f f e r e n c e  between measurement and preceding measurement s i g n i f i c a n t ,  
p < 0.05; ** p < 0.01; *** p < 0.001. 
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P355( 8/86) Dikaya LG. 
Characteristics of regulation of an operator's functional s t a t e  during 
adaptation to spec ia l  conditions.  
1n:Lomov EF, Zabrodin YuFI. 
Ps ikho log ichesk iye  probleroy d e y a t e l l n o s t i  v osobykh us lov iyakh  
[Psychological problems of  performance under  spec ia l  condi t ions l  . 
I.:oscow: Nauka; 1985. (See  a b s t r a c t  K86, t h i s  i s s u e . )  
[pages 63-90; 29 referecces; 3 i n  Eng l i sh ]  

Human Performance, Psychology, F u n c t i o n a l  S t a t e ;  Neurophysiology, EEG 
Humans, Operators  
Adaptat ioc,  Special  Cond i t ions ,  F a t i g u e ,  S l e e p  D e p r i v a t i o n  

Abs t r ac t :  t tSpec ia l  cond i t ions t t  are d e s c r i b e d  by t h e  a u t h o r  as r e l a t i n g  
s p e c i f i c a l l y  t o  j o b  performance,  and as less extreme and s t r e s s f u l  t h a n  
Itextreme condi tiofis.tl S p e c i a l  c o n d i t i o n s  demand development o r  a d a p t a t i o n  
o f  f u n c t i o n a l  s y s t e m s  o f  j o b  s k i l l s  t h a t  have been a c q u i r e d  under o r d i n a r y  
cocdi t ions.  \(!hen s p e c i a l  c o n d i t i o n s  a r e  p r e s e n t  f o r  o n l y  a s h o r t  t i n e ,  
o r d i n a r y  job s k i l l s  may be a p p l i e d  t o  t h e i r  performance,  w i t h  no a d a p t i v e  
changes nade. However, i f  s p e c i a l  c o n d i t i o n s  are o p e r a t i v e  f o r  prolonced 
p e r i o d s ,  more capab le  worke r s  t r i l l  d eve lop  new f u n c t i o n a l  s y s t e m s  f o r  j o b  
performance. This  paper  d e s c r i b e s  a s t u d y  of t h e  r e g u l a t i o n  of  f u n c t i o n a l  
s t a t e s  r e l a t e d  t o  j o b  performance under s p e c i a l  c o n d i t i o c s .  A 3-day 
cont icuous work s c h e d u l e  (sleep d e p r i v a t i o n )  was employed a s  a model o f  
t h e s e  condi t ions.  T h i s  model was s e l e c t e d  on t h e  b a s i s  o f  i ts  r e l e v a n c e  t o  
s p a c e f l i g h t .  To make f l i g h t  s i m u l a t i o n  more r e a l i s t i c ,  t h e  work s t a t i o n s ,  
food and water, r e l a t i v e  hypodynamia and r e l a t i v e  s e n s o r y  d e p r i v a t i o n  o f  
cosmonauts were also reproduced. F u n c t i o n a l  s t a t e  was a s s e s s e d  by means o f  
s e l f - r a t i n g  and polygraphy, as well as by measurinE h e a r t  rate, r e s p i r a t i o n  
r a t e ,  GSR, a n d  EEG. The e x p e r i m e n t a l  group, c o n s i s t i n g  o f  9 people ,  was 
exposed t o  a 17-minute a u t o g e n i c  t r a i n i n g  (AT) t a p e ,  t h e  first p a r t  of  
which was d i r e c t e d  a t  r e l a x a t i o n  and stress d i s s i p a t i o n ,  w h i l e  t h e  second 
p o r t i o n  was d i r e c t e d  a t  n o r r a l i z a t i o n  of  psycholoLica1 s ta te  and 
r e s t o r a t i o n  o f  work c a p a c i t y ,  These  i n d i v i d u a l s  had undergone p r e l i n i n a r y  
AT t r a i n i n g ,  i n c l u d i n g  a s p e c i a l  e x e r c i s e  i n t e n d e d  t o  s t i m u l a t e  work 
c a p a c i t y  under f a t i g u e .  The s u b j e c t s  l i s t e n e d  t o  t he  t a p e  6 times d u r i n g  
t h e  experiment ,  beg inn ing  on day 2. A c o n t r o l  group o f  9 s u b j e c t s  were 
a l lowed  t o  sleep o r  r e s t  d u r i n g  t h a t  period. S u b j e c t s  i n  both groups,  
aged 19-42, were a p p a r e n t l y  heal thy.  The r e s e a r c h  was p e r f o r x e d  i n  an  
i s o l a t i o n  chanbe r  t h a t  s i m u l a t e d  prolonged u n i n t e r r u p t e d  j o b  performance by 
a 3 - r~enbe r  crew working under  emergency c o n d i t i o n s .  
d i v i d e d  i n t o  6 12-hour s h i f t s  f i l l e d  w i t h  a v a r i e t y  of  t a sks .  Heasu res  
were taken t o  n o t i v a t e  t h e  s u b j e c t s  (material r ewards  based on performance,  
a p p e a l s  t o  desire t o  excel). 

The 3-day p e r i o d  was 

The author  s t a t e s  t h a t  h e r  r e s u l t s  s u p p o r t  t h e  f o l l o w i n g  conclusions.  
T h r e e  s t a g e s  occur red  d u r i n g  t h e  u n i n t e r r u p t e d  72 hour  work per iod:  
r e l i a b l e  t a sk  performance l a s t i n g  f o r  t h e  first 36 h o u r s  o f  t h e  pe r iod ;  
adequa te  perf orclance of on ly  t h e  s i m p l e s t  t a s k s  accompanied by s h a r p  
d e c r e a s e s  i n  performance of t h e  more complex and r e s p o n s i b l e  t a s k s ,  l a s t i n g  
from 36 to  4 8  hours;  e f f e c t i v e  performance o n l y  i n  t h e  p re sence  of  s p e c i f i c  
p sycho log ica l  s t i m u l a t i o n  (e i ther  AT o r  s o c i a l l y  mediated s u p p o r t ) ,  l a s t i n g  
from 48 hours t o  expe r imen t  t e rmina t ion .  The expe r i r r en t  demons t r a t ed  t h e  
s t i m u l a t i n g  effects  of AT i n  i n c r e a s i n g  t h e  r e l i a b i l i t y  of o p e r a t o r  
performance. These e f f ec t s  man i fe s t ed  t h e m s e l v e s  i n  t h e  f o l l o w i n g  ways: 

4 6  



HUMAN PERFORMANCE 

P355 

s t a b i l i z a t i o n  of visucll  r e s o l u t i o n  capac i ty ;  r e s t o r a t i o n  o f  b a s e l i n e  v a l u e s  
of t h e  t h r e s h o l d  c r i t i ca l  f l i c k e r - f u s i o n  frequency;  decrease and 
s t a b i l i z a t i o n  o f  l a t e n c y  of r o t o r  response t o  a n  a u d i t o r y  s t i m u l u s .  
Autogenic t r a i n i n g  had a b e n e f i c i a l  e f f e c t  on memory, c o g n i t i v e  ima&e 
s t r u c t u r e ,  i n f o r m a t i o n  P rocess in& speed, and o v e r a l l  o p e r a t o r  pe r f  o r v a n c e  
o v e r a l l .  Comparison of  b a s e l i n e  E E G s  of s u b j e c t s  undergoing AT w i t h  
c o n t r o l  s u b j e c t s  demons t r t ed  t h a t  AT led t o  a s ta te  a t  t h e  beg inn ing  o f  day 
3 of  t h e  s l e e p l e s s  p e r i o d  which came c lose  t o  compensat ing f o r  f a t i g u e :  
a l p h a  rhythm a c t i v i t y  i n c r e a s e d  a long  w i t h  the ta  and d e l t a  r h y t h m .  
C o r r e l a t i o n a l  a n a l y s i s  o f  EEG r e c o r d s  made it  p o s s i b l e  t o  i d e n t i f y  t h e  
s t a g e  where AT mod i f i ed  f u n c t i o n a l  s t a t e s  and t o  d e t e r m i n e  i ts  c o n t i n u i n &  
ef fec ts  or: f u n c t i o n a l  state. AT appeered t o  i n c r e a s e  t h e  l e v e l  of  
a c t i v a t i o n  i n  t h e  b r a i n ,  and was p a r t i c u l a r l y  e f f e c t i v e  when t h e  s u b j e c t  
was i n  a s ta te  of ex t r eme  f a t i g u e ,  toward the end of  the second and t h e  
beg inn ing  of t h e  t h i r d  day of  s l e e p  depr iva t ion .  L i s t e n i n g  t o  t h e  AT t a p e  
was a s s o c i a t e d  w i t h  i n c r e a s e  i n  the ta  wave a c t i v i t y  and c o n c u r r e n t  d e c r e a s e  
i n  a l p h a  wave. The e f f e c t i v e n e s s  of AT i s  d i r e c t l y  r e l a t e d  t o  amouct of 
t r a i n i n g  r e c e i v e d  i n  AT techniques.  S u b j e c t s  who r e c e i v e d  more p r e l i m i n a r y  
t r a i n i n g  i n  AT d i s p l a y e d  l o n g e r  per iods of b r a i n  a c t i v a t i o n  and enhanced 
t a s k  perforriiacce i n  r e sponse  t o  t h e  AT tape. I t  i s  concluded t h a t  
o p e r a t o r s ,  i n c l u d i n g  cosmonauts,  should r e c e i v e  t r b i n i n g  t o  deve lop  s k i l l s  
i n  p sychophys ica l  s e l f - r e g u l a t i o n  under ex t r eme  c o n d i t i o n s ,  i n  a d d i t i o r ,  t o  
t h e i r  r e g u l a r  j o b  t r a i n i n g .  

F i g u r e s :  F i g u r e  1. Types of a d a p t a t i o n  i n  o p e r a t o r s  undergoing a 72-hour 
pe r iod  of u n i n t e r r u p t e d  work. 

F i g u r e  2. ChanEes i n  t h e  v a l u e  of the c o e f f i c i e n t  of  c o r r e l a t i o n  between 
the  f r o n t a l  an6 v i s u a l  r e g i o n s  of  t h e  r i g h t  hemisphere d u r i n g  performance 
of  a u t o g e n i c  e x e r c i s e s .  

F i g u r e  3. 
and EEG coherecce spectrum betweenthe f r o n t a l  and t h e  v i s u a l  r e g i o n s  o f  
t h e  r i g h t  hent isphere d u r i n g  AT e x e r c i s e s  (F4/02) 

Changes ove r  time i n  o f  EEG r h y t h r - s  i n  t h e  f r o n t a l  r e g i o n  (F4/A 

F i g u r e  4. Amplitude?? of EEG rhythms i n  t h e  f r o n t a l  r e g i o n  of  t h e  r i g h t  
hemisphere.  White bars -- before AT; Crosshatched bars -- af ter  AT; a -- 
i n  a n  a l e r t  s ta te ;  b -- i n  a s ta te  of ex t r eme  f a t i g u e .  
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A f f i l i a t i o n :  All-Union S c i e n t i f i c  Eesearch I n s t , i t u t e  of P h y s i c a l  C u l t u r e ,  
lloscow; Lomonosov S t a t e  U n i v e r s i t y ,  tloscow 

~ ( 3 ) :  460-1164; 1936. 

Immunology, Inmunity,  T-cells, Cell Membrane, Alpha- tocophero l  
Humans, A t h l e t e s ,  S k a t e r s ,  Hen and \loxien 
Psychology, S t r e s s ;  P h y s i c a l  E x e r c i s e ,  C o u n t e x e a s u r e s ;  Nutxi t i o n  

Abstract: I n  t h i s  expe r imen t ,  20 r a l e  and fercale  speed  ska ters ,  a&ed 19-27, 
were observed 2 months a f te r  the end of t h e i r  c o m p e t i t i v e  season. A 
c o n t r o l  group of male n o n a t h l e t e s  of comparable aee was a l s o  examined. 
The  p e r c e n t  and a b s o l u t e  c o n c e n t r a t i o n  of T-cells i n  t he  blood was 
n e a s u r e d  i n  bo th  g roups  by n o t i n g  the spontaneous f o r m a t i o n  of r o s e t t e s  
w i t h  sheep  e r y t h r o c y t e s .  Other  pa rame te r s  recorded i n c l u d e d  pe rcen t  of 
a c t i v e  r o s e t t e s ,  b l a s t  t r a n s f o r m a t i o n  o f  lymphocytes i n  r e sponse  t o  
m i  t ogen  phy t o h e m a g l u t i  n i  n ( PH A) (ref 1 e c t i  ng t h e  pro1 i f  er a t i  on c a p a b i l i t y  
o f  T-cells). The s t a t e  of t h e  lymphocyte c e l l  n e o b r a n e  v a s  assessed 
th rough  s p e c t r o f l u o r m e t r i c  neasurement of  t h e  c o n c e n t r a t i o n  o f  a lpha-  
tocopherol .  Alpha-tocopherol c o n c e n t r a t i o n  i n  blood p l a s n a  was a l s o  
measured. R e s u l t s  i n d i c a t e d  t h a t ,  a l though the  a t h l e t e s  were no l o n g e r  
under p h y s i c a l  or e m o t i o n a l  stress, the v a l u e s  of t h e i r  immunological  
p a r a m e t e r s  were s u b s t a n t i a l l y  below those of  t h e  c o n t r o l  group. Th i s  was 
also t h e  case w i t h  r e g a r d  t o  a lpha-tocopherol  c o n t e n t  i n  t h e  ce l l  
membrane. I!owever, c o n c e n t r a t i o n  of alphii-tocopherol i n  blood plasma was 
normal. There was no c o r r e l a t i o n  between t h e  a lpha - tocophero l  con ten t  o f  
t h e  lynphocy te  menbrane and of the blood plasma for t h e  a t h l e t e s .  
The a u t h o r s  hypo thes i ze  t h a t  t h e  d e f i c i t  of a lpha - tocophero l  i n  t h e  
l y m p h a t i c  membrane p rov ides  t h e  mechanisn f o r  d imin i shed  immunological  
competence i n  r e sponse  t o  stress. T h i s  a lpha - tocophero l  d e f i c i t  i n  t u r n  
may be caused by i n c r e a s e d  l i p i d  peroxidLtion l e a d i n g  t o  dec reased  l e v e l s  
of p o l y u n s a t u r a t e d  f a t s  i n  t h e  lyniphatic t i s s u e .  The a u t h o r s  sugges t  
d i e t a r y  supplenlents  o f  both Vi t amin  E and p o l y u n s a t u r z t e d  f a t s  as a 
counterr!easure t o  t h e  effects of phys i ca l  and e m o t i o n a l  stress on 
immunological competence. 

T a b l e  and F i g u r e  Titles: Table: Pa rame te r s  of  T-system i u n u n i t y  and 
c o n c e n t r a t i o n  o f  a lpha - tocophero l  i n  blood plasma and lynphocy te  n e c b r a n e  
of athletes and members of a c o n t r o l  group 

F igure :  Concen t r a t ion  of  a lpha-tocopherol  i n  t h e  l-yiiiphocyte rcenbrane 2nd 
blood plasma i n  a t h l e t e s  exposed to  stress, and i n  members o f  a c o n t r o l  
group 
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P349( 6/86)  Asadullayev Xl:. 
Clinica l  immunological changes i n  vibration sickness.  
Gigiyena  Truda i P r c f e s s i o n a l ' n y y e  Zabolevaniye.  

[ g  re ferences ;  4 i n  E n g l i s h ]  
A f f i l i a t i o n :  I n s t i t u t e  of S a n i t a t i o n ,  Ily[;iene, and Occupat iona l  Diseases, 
Ei in is t ry  of Heal th  of t h e  Uzbek SSR, Tashkent.  

19S6( 3 ) :  54-56. 

Imtiuriolo;;y, 5 and T-lymphocytes 
Iiumans, tlales, P a t i e n t s  
H a b i t a b i l i t y  and Environment Ef fec ts  , V i  b r a t i o n  S i c k c e  ss 

A b s t r a c t :  T h i s  s t u d y  ana lyzed  t h e  immunological  c h a r a c t e r i s t i c s  of 87 male 
p a t i e n t s  (aged 30-50) w i t h  o c c u p a t i o n a l l y  r e l a t e d  v i b r s t i o n  s i c k n e s s  and 
corripared them to  t h o s e  o f  20 h e a l t h y  c o u n t e r p a r t s .  The f o l l o w i n g  
immunolo@.cal pa rame te r s  were a s s e s s e d  i n  both  groups:  q u a n t i t y  of 
c i r c u l a t i n g  T-lymphocytes, q u a n t i t y  of E-lpr.iphocytes, and c o c c e n t r a t i o n  of 
c l a s s  A ,  G, and 1.1 imciuno&lobulins. It was found t h a t  92$ of t h o s e  
s u f f e r i n g  froc! v i b r a t i o n  s i c k n e s s  showed s i g n i f i c a n t  i m n u n o l o e i c a l  
a b n o r m a l i t i e s .  The s u b j e c t s  w i t h  v i b r a t i o n  s ic lcness  had fewer c i r c u l a t i n g  
T-lynphocytes,  acconpanied  by decreased b l a s t  t r e n s f  ormat ion  c a p a b i l i t y .  
On t h e  other hand, t h i s  same group of  p a t i e n t s  showed a n  i n c r e a s e  i n  t h e  
r e l a t i v e  acd a b s o l u t e  q u a n t i t y  of E-lymphocytes, a s  well  a s  an iccrease cf 
G and A i noucoS lobu l ins  i n  blood serum. I t  i s  noted  t h a t  a d e c r e a s e  i n  T- 
lynphocyte  l e v e l s  would r e t a r d  r e g e n e r a t i v e  p r o c e s s e s ,  i n c r e a s i n g  
physi .ologica1 aging,  which p l a y s  a r o l e  i n  v i b r a t i o n  s ickness .  The 
rcagnitude of  t h e  changes noted  i n  t h e  imrr.unologica1 pa rame te r s  depended or. 
t h e  s e v e r i t y  of t h e  v i b r a t i o n  s ickness .  Those r e c o v e r i n g  f rom t h e  i l l n e s s  
showed a tendency f o r  t h e s e  p a r a c e t e r s  t o  normalize.  It  i s  sugges ted  t h a t  
immur,e f u n c t i o n  can be used as a seconda.ry c r i t e r i o n  fo r  d i a g n o s i s  of 
s e v e r i t y  of v i b r a t i o n  s i c k n e s s .  

Tables :  Table 1: Q u s n t i t y  of T- and E-rosette fo rming  lymphocytes  i n  p a t i e n t s  
w i t h  v i b r a t i m  s i c k n e s s .  

Table  2: Q u a n t i t y  of T- and E-rosette formin& 1yEphocytes  as  a f u n c t i o n  of 
s e v e r i t y  (s tage)  of i l l n e s s  
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PAPERS: 

P3l4(8/86)  Popova AF, Kordyur, YeL,  i l ech i t ay lo  GS. 
Submicroscopic  organization of chlorella cells growing  i n  s p a c e  for 9 d a y s  
on ASalyut-6. 
I n :  Kovrov BG, Kordym V A ,  e d i t o r s .  
l!i kroorganizny v i s k u s  stvennykh e k o s i  s t enakh. 
[Microogranisms i n  a r t i f i c i a l  ecosystems]. 
I ~ O S C O W :  EJauka; 1985. 
[Pages 66-71; 16 r e f e r e n c e s ;  noce i n  E n c l i s h ]  

Life  Suppor t  Systems, CELSS, V i a b i l i t y  
t ! icrobiology,  Chlorel la  
Space F l i g h t  F a c t o r s ,  t tSalyut-6tt  

Abs t r ac t :  C u l t u r e s  o f  C h l o r e l l a  v u l r , a r i s  ( l i n e  LARG-1) i n  an o r g a n i c  
medium w i t h  0.176, a g a r  were f lown on board t h e  t%alyut-6tf f o r  9 days,  
a f te r  which they  were f i x e d  and conpared t o  c o n t r o l s .  F l i g h t  c u l t u r e s  had 
no more nonviable  c e l l s  than c o n t r o l s  2nd e l ec t ron -c i i c roscopy  showed t h a t  
t h e  u l t r a s t r u c t u r e  of t h e  nucleus and c e l l  mi tochondr i a  of  t h e  f l i g h t  
c u l t u r e s  d i d  no t  d i f f e r  f r o n  those  of t h e  c o n t r o l s .  The c h l o r o p l a s t s  of 
t h e  f l i g h t  c u l t u r e s  g e n e r a l l y  contained a well-formed membrane system. 
Kowever, t h e  amylogenic  cove r inz  cf the pyrenoid was a b s e n t  o r  minimal  i n  
a s i g n i f i c a n t  number of expe r imen ta l  ce l l s .  The s t r u c t u r e  of  t h e  
t h y l a k o i d s  remained i n t a c t .  S t a r c h  r e s e r v e s  were f r e q u e n t l y  a b s e n t  i c  
t h e s e  ce l l s ,  i n d i c a t i n g  a d i s r u p t i o n  o f  ca rbohydra t e  ne t abo l i s r , .  I n  
a d d i t i o n ,  e l e c t r o n  t r a n s p a r e n t  zones, 0.2-1.5 uc: i n  s i z e ,  appeared i n  t h e  
s t r o m a  of the p l a s t i d s  of t h e  f l i g h t  c u l t u r e s .  Sone of t he  e x p e r i m e n t a l  
c e l l s  had undergone a s i g n i f i c a n t  degree of v a c u o l i z a t i o n :  not  o n l y  were 
t h e  s i z e  of t he  vacuo les  i n c r e a s e d  i n  comparison t o  t h e  c o n t r o l s ,  but  
f r e q u e n t l y  the  vacuo les  con ta ined  myel in- l ike raembrane s t r u c t u r e s  
s u c g e s t i n g  a n  i n t e n s i f i c a t i o n  of  l y t i c  processes .  
not only i r ,  v e g e t a t i v e  ce l l s  a t  v a r i o u s  stages of development,  bu t  also i n  
au tospores .  In approx ima te ly  35 o f  the f l i g h t  c e l l s  a b e r r a t i o n s  were 
noted d u r i n g  c e l l  d i v i s i o n  and au tospore  f o r n a t i o n ,  i n v o l v i n g  t h e  
f o r m a t i o n  of a u t o s p o r e s  which were i r r e g u l a r  i n  s i z e ,  as well as 
m u l t i n u c l e a t e  c e l l s .  In such  c e l l s  t h e  Golgi a p p a r a t u s  was t y p i c a l l y  
poor ly  developed. Some f l i g h t  c e l l s  con ta ined  l a r g e r  drops of  l i p i d s  t h a n  
was t y p i c a l  o f  c o n t r o l  cells. Since t h e  changes noted occur red  i n  o n l y  B 

small p r o p o r t i o n  o f  f l i g h t  cel ls ,  t h e  a u t h o r s  concluded t h a t  t h e  
development o f  C h l o r e l l a  i n  s p a c e  i s  s a t i s f a c t o r y ,  h O h r e V e r ,  the p re sence  
o f  these changes do t e s t i f y  t o  c e r t a i n  i n h i b i t o r y  effects of  space  f l i g h t  
fac t  or s. 

Vacuo l i za t ion  o c c u r r e d  
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P353( 8 /86 )  Sidorenko PG, h r t y n  G11, l i i k e l s d z e  GG,  P o d l u t s k i y  AG. 
Potential for using ce l l  cultures of higher plants i n  a l i fe  support 
system. 
I n :  Xovrov BG, Kordyc: V A ,  e d i t o r s .  
! . l i k roo rean izq  v i skuss tvennykh  ekosis temakh.  
[Microogranisms i n  artificial  ecosystems]. 
I:oscorr: Iiauka; 19E5. See li78, Issue %7. 
[pages  117-121; 7 r e f e r e n c e s ;  none i n  E n ~ ; l i s h ]  

L i fe  Support  S y s t e m ,  CELSS; N u t r i t i o n  
Dotany, Eigher P l a n t s ,  Soy, Peas, Cabbage, F r o c c o l i ,  D i l l ,  Easi l ,  J e rusa l em 

C u l t i v a t i o n  Cond i t ions ,  Sensory C h a r a c t e r i s t i c s ,  Chenical 
Art ichokes,  Cel l  C u l t u r e s  

Composition 

A b s t r s c t :  Cel l  c u l t u r e s  from h i g h e r  food p l a n t s  are good c z n d i d a t e s  f o r  
i n c l u s i o n  i n  8 CELSS (Closed E c o l o g i c a l  Life  Support  System). Such c u l t u r e s  
a r e  considered t o  be r e l a t i v e l y  ic?muiie t o  t h e  n e g a t i v e  e f f ec t s  of 
w e i g h t l e s s n e s s  on p a r e n t  p l a c t s .  They are  h i g h l y  z d a p t i v e ,  p o s s e s s  h igh  
m e t a b o l i c  l a b i l i t y ,  and are c a p a b l e  of v a r i o u s  t y p e s  o f  b i o s y n t h e s i s .  
Technology e x i s t s  fcr  c u l t i v a t i n g  such  c u l t u r e s  under e i t h e r  h e t e r o t r o p h i c  
or pho to t rop ic  cond i t ions .  P rev ious  f l i g h t  s t c d i e s  r e v e c l e d  no 
s u b s t a n t i a l  e f f e c t s  of o r b i t a l  f l i g h t s  on h i g h e r  p l a n t  ce l l  c u l t u r e s .  
Some effects o f  s i m u l a t e d  space  f l i g h t  c o n d i t i o n s  (Le,  v i b r a t i o n  and 
a c c e l e r a t i o n )  were found t o  have r e v e r s i b l e  e f f e c t s  o n  t h e  morphology and 
fur .c t iona1 a c t i v i t i t y  o f  c u l t u r e  components. C l i n o s t a s i s  l e d  t o  some 
r e s t r u c t u i n c  of t h e  topography of  o r g a n e l l e s  when i l l u m i n a t i o n  cocd i  t i o n s  
Kere manipulated,  but  no o t h e r  zcajor e f fec ts  were de tec t ed .  The s t u d y  
d e s c r i b e d  here analyzed the c u t r i t i v e  v a l u e  of  a number of  food s l a n t  c e l l  
c u l t u r e s  from t h e  po in t  of  view of t h e i r  use as food i n  a space  CELSS. A 
c u l t u r e  from the  hypocotyl  of soy p l a n t s  was Crown h e t e r o t r o p h i c a l l y .  The 
c u l t u r e  was o d o r l e s s ,  w i t h  a sweetish, raw taste.  Chemical a n a l y s i s  shoued 
t h e  d ry  w e i i h t  to  be 12.165 p ro te in .  E l e c t r o n  microscopy r e v e a l e d  evidence 
o f  a c t i v e  b i o s y n t h e s i s  o f  p r o t e i n s  and l i p i d s .  
cons ide red  s u i t a b l e  for. u se  a s  food,  af ter  c u l i n a r y  processinE. 
Cells f r o n  the bu lb  of  a ,Jerusalem a r t i c h o k e  were c u l t u r e d  i n  t h e  dark.  
The cu l ture  sme l l ed  l i k e  raw p o t a t o e s ,  and hzd a s w e e t i s h  a l m o s t  n e u t r a l  
t a s t e  and  a mealy cons i s t ency .  
20.5;: o f  dry weight ,  w h i l e  t h e  p r o p o r t i o n  of raw p r o t e i r ,  (13.245) exceeded 
t h a t  of  soy. Evidence of i n t e n s e  b i o s y n t h e t i c  a c t i v i t y  was found. The 
c u l t u r e  was considered s u i t a b l e  f o r  u s e  i n  cooked d i s h e s  o r  s a l a d s  w i t h  no 
f u r t h e r  processing. Cells from d i l l  l e a v e s  were grown i n  t h e  l i g h t .  The 
c u l t u r e  s m e l l e d  l i k e  f r e s h  g r e e n s  w i t h o u t  s p e c i f i c  d i l l  odor. The tas te  
h'as n e u t r a l  and d e l i c a t e .  Ana lys i s  r e v e a l e d  a s u b s t a n t i a l  amount of 
l i p i d s .  The c u l t u r e  is cons ide red  s u i t a b l e  f o r  use i c  food  d i shes .  C u l t u r e s  
of  ?ea, cabbaLe, b r o c c o l i  and b a s i l  a l l  proved s u i t a b l e  f o r  use as food i n  
s p a c e  f l i g h t  CELSS. 

T h i s  c u l t u r e  was 

The p r o p o r t i o n  o f  r e d u c i n g  s u b s t a n c e s  was 
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P354( 8/86) Antonyan A A ,  Sukhova !?N. 
Evaluating the composition of the biomass of Chlorella and its energy 
content i n  a model of a "man-algae-aheralization" l i f e  support system. 
I n :  Kovrov EG, Kordyn! V A ,  e d i t o r s .  
l i ikroorganizmy v i skuss tvennykh  ekosistemakh. 
[Microogranisms i n  artificial ecosystems]. 
Koscow: Nauka; 1965. 
[pages  134-137; no r e f e r e n c e s ]  

L i f e  Suppor t  S y s t e o s ,  CELLS 
Botany, H i  c r o b i o l  ogy, A 1  gae, C h l o r e l l a  
N u t r i t i o n ,  Heat o f  Corr.bustion 

Abstract: Two i m p o r t a n t  i n d i c a t o r s  of t h e  s u c c e s s  o f  human b i o l o g i c a l  l i f e  
s u p p o r t  s y s t e m  based on a l g a e  a r e  the q u a l i t y  and q u a c t i t y  o f  the  
s y n t h e s i z e d  biomass and its ene rgy  con ten t  ( c a l o r i c  va lue ) .  This s t u d y  
e v a l u a t e d  t h i s  pa rame te r  by bu rc ing  biomass and measu r ing  its heat  o f  
combustion. Heat of  combustion i n  a C h l o r e l l a  based sys t em was n e a s u r e d  
d i r e c t l y  and by estimates u s i n g  a c a l o r i e  c o e f f i c i e n t  based on the 
p r o p o r t i o n  of components ( p r o t e i n ,  l i p i d s ,  and ca rbohydra t e s )  i n  a biomass 
sample. Ana lys i s  of  d a t a  ob ta ined  by these two methods e s t a b l i s h e d  t h a t  
there were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two v a l u e s  f o r  h e a t  of 
conbos t ion .  This  s t u d y  also i w o l v e d  a n a l y s i s  of  t h e  r e l a t i o n s h i p  between 
biomass compos i t ion  and c a l o r i c  value on t h e  one hand, and c i ine ra l  c o n t e n t  
( n i t r o g e n  SGurces ana  l e v e l s )  and i l l u m i n a t i o n  c o n d i t i o n s  on t h e  o t h e r ,  
under  cont inuous i n t e n s i v e  c u l t i v a t i o n  of the  a l g a e  ove r  the cour se  of 54 
days. It was found t h a t  heat of combustion i s  indepecden t  of  i l l u m i n a t i o n  
l e v e l s  a t  three d i f f e r e n t  i l l u m i n a t i o n  l e v e l s  (35, 133 and 256 b!/rx2 
p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n )  and w i t h  l i g h t  s o u r c e s  producing three 
d i f f e r e n t  spec t r a .  Heat of combustion d i d  d i f f e r  s i g n i f i c a n t l y  as a 
f u n c t i o n  of n i t r o g e n  s o u r c e  ( n i t r a t e s ,  u rea ,  ar.d ameionum n i t r a t e ) ,  w i t h  
n i t r a t e s  y i e l d i n g  5.6 k c a l / g  and t h e  other two s o u r c e s  5.9 kcal/g. These  
h igh  v a l u e s  a r e  a s s o c i a t e d  w i t h  i n c r e a s e d  s y n t h e s i s  o f  l i p i d s  and p r o t e i n  
w i t h  h i&h c a l o r i c  v a l u e  i n  t h e  a lgae  cel ls  and h igh  l e v e l s  o f  reduct ion.  
Va lues  f o r  heat of  combust ion and biomass compos i t ion  remained r e l a t i v e l y  
c o n s t a n t  ove r  time when Chlorel la  was c u l t i v a t e d  i n  a c l o s e d  sys t em f o r  
more than  35 days  and when it  was used as a component o f  a %an-algae- 
m i n e r a l i z a t i o n l l  l i f e  suppor t  system f o r  30 days. Heat of  c o n b u s t i o n  and 
p r o d u c t i v i t y  of C h l o r e l l a  were approx ima te ly  p a r a l l e l  ove r  time. Yhen t h e  
s u p p l y  of  n i t roEen  t o  t h e  C h l o r e U  was reduced t o  701 o f  t he  s t a n d a r d ,  
r e l a t i v e  p roduc t ion  of ca rbohydra t e s  i n c r e a s e d  and heat o f  combustion 
de  creased . 
Table:  Compositior! o f  the  biomass Chlorella and i t s  ene rgy  c o n t e n t  
( ca lo r i c  v a l u e )  when grown on media wi th  d i f f e ren t  n i t r o g e n  sources .  

F i g u r e :  Changes ove r  time i n  h e a t  of combustion o f  t h e  biomass and 
p r o d u c t i v i t y  i n c l u d e d  i n  a llman-algae- mine ra l i za t ion1 '  system 
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I191 (8/86)  Glushko Ab.. 
Rosmicheskiye systemy zhizneobespecheniya:  B i o f i z i c h e s k i y e  osnovy 
p ropek t i rovan iya  i i s p y t a n i y a .  
[Space Li fe  Support Systems: Biophysical pr inc iples  of design and tes t ing] .  
!ioscow: 1:rsninostroyeniye; 1986. 
[30Q pages1 
A f f i l i a t i o n :  Not c i t e d .  

Key Words: L i f e  Suppor t  Systems,  Cosmonauts, !later, Food, Ilea t i n g ;  
t Ie tabol isci ,  R o n e o s t a s i s ;  R iophys ic s ;  b!ork Capaci ty ,  E x e r c i s e ;  Body F l u i d s ,  
N u t r i t i o n  

Annotation: T h i s  monograph p r e s e n t s  t h e  b a s i c  b i o p h y s i c a l  p r i n c i p l e s  
u n d e r l y i n g  the d e s i g n  and t e s t i n g  o f  l i f c  s u p p o r t  s y s t e m s  f o r  manned 
s p a c e c r a f t  and s p e c i a l  purpose modules, and t h e  a s s o c i a t e d  i s s u e s  of 
m a i n t a i n i n g  and c o r r e c t i n g  m e t a b o l i c  hocieostss is .  The a u t h o r  a n a l y z e s  t h e  
k i n e t i c s ,  therGodynamics, s t r u c t u r e  and topography o f  hucan h e a t ,  m o i s t u r e  
and energy nietaboliscl, which are d e t e r n i n e d  by v a r i o u s  t y p e s  of  p h y s i c a l  
h o n e o s t a t i c  mechanisns.  T h i s  monozraph i s  i n t e n d e d  f o r  workers and 
e n g i n e e r s  d e a l i n g  w i t h  p r o b l e n s  o f  l i f e  s u p p o r t  i n  s p a c e  and working or. 
t h e  des ign  and d e v e l o p r e n t  of  l i f e  suppor t  systems. 

CONTENTS 
(I;ur.!bers i n  p a r e n t h e s e s  refer  t o  page n u r b e r s  i n  t h e  o r i g i n a l .  ) 

Foreword ( 3 )  

I n t r o d u c t i o n  ( 5 )  

Chapter 1. Biophysical pr inc iples  underlying the design of space l i f e  
support systems ( 1 8 )  
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1 .4  TherRal c o n d i t i o n s  i n  canned s p a c e c r a f t  ( 4 2 )  

atmosphere ( 1 8 )  

Chapter 2. Biophysical pr inc iples  underlying the t e s t i n g  of space l i f e  
support systems ( 59)  

2.1 Physical  p r i n c i p l e s  on which methods a r e  based ( 5 9 )  
2.2 Zquipeent fcr  perforriiinc b i o p h y s i c a l  expe r imen t s  ( 9 0  1 

Chapter 3. Temperature f i e l d s  and biophysical criteria for evaluating 
thermal conditions on manned spacecraft  ( 1 4 5 )  
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i n t e r p r e t a t i o n  ( 145) 

l i f e  i n  space  (160)  

perforriiance c h a r a c t e r i s t i c s  of t h e m a 1  s y s t e m  ( 175) 
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Eiophys ica l  a s p e c t s  o f  t h e  phenomena of t h e  transfer of  n e t a b o l i c  
water (167)  
F l u i d  ba lance  and t h e  p h y s i c a l  parameters of a r t i f i c i a l  
a tmospheres  (192)  
Human f l u i d  ba l ance  du r ing  p h y s i c a l  a c t i v i t y  ( 199) 

F l u i d  ba lance  under c o n d i t i o n s  s i m u l a t i n z  t h e  s t r e s s f u l  c o n d i t i o n s  
of l i f e  i n  s p a c e  (216) 

Chapter 5. Multidisciplinary biophysical s tudies  of problems i n  
h a b i t a b i l i t y  (221 ) 

5.1 Dynamics of t r a n s i t i o n a l  t h e r m 1  p rocesses  ( 2 2 1 )  
5.2 P r i n c i p l e s  govern ing  t h e  t r a n s f  o r n a t i o n  and t r a n s f e r  of hea t  

5.3 Kunian thermal  ba l ance  i n  p h y s i c a l  a c t i v i t y  (2391 
5.4 Human energy,  thermal and water ba lance  on a space  d i e t  (246) 

r e s u l t i n g  from metabolism ( 2 3 2 )  

Chapter 6. Biophysical principles  underlying the t e s t i n g  of space s u i t s  

6.1 
6.2 
6 -3 

6.4 

6.5 

and self-contained l i fe  support systems (253 ) 
Research goal s( 253) 
Therrcal and energy  ba lance  i n  the  space  s u i t  (255)  

Thermodynamic c h a r a c t e r i s t i c s  of work c a p a c i t y  of hurnans wear ing  
a space  s u i t  (259)  
Biophys ica l  c r i te r ia  for  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  of 
s e l f - c o n t a i n e d  l i f e  s u p p o r t  systems and s p a c e  s u i t s  under  v a r i o u s  
c o n d i t i o n s  of conduc t ive  heat removal ( 2 6 6 )  
Eiophys ica l  c r i t e r i a  fcr c o n t r o l l i n &  t h e  o p e r a t i o n  of se l f -  
con ta ined  l i f e  s u p p o r t  s y s t e m s  and work c a p a c i t y  of humans 
wearing a s p a c e  s u i t  (274) 

Chapter 7 .  Problems i n  space biophysics ( 2 8 6 )  
7.1 The i n t e r c o n n e c t i o n s  between the problems of e c o l o g i c a l  b iophys ic s  

7.2 Op t imiza t ion  ne thods  and t h e  s t a n d a r d i z a t i o n  of d e v i c e s  fo r  per f  o r n i n g  
and space  medicine ( 2 8 6 )  

b iophys ica l  r e s e a r c h  ( 2 8 7 )  

References ( 2 9 6 )  

5 9  



F:AI~-:'IACHIW SYSTEtiS : See EuKan Perf orniance : P!86 , !:90, 1:94 
IIATHEfiATICAL 1:ODELTHG : See Human Perf orniance: !I94 

kIET ABOL ISM 
(See a l s o :  Equiprnent and I n s t r u m e n t a t i o n :  ~ 3 2 8 ,  Life Suppor t  Systems: 1191 ; 
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P333(e/e6)* Potapov PP,  Tikhmirova Y A .  
Parameters of carbohydrate and l i p i d  metabolism i n  rats during adaptation 
after a 30-day period of hypokinesia. 
Kosmicheskaya B io log iya  i AviakosrAcheskaya K e d i t s i n a .  

[12 r e f e r e n c e s ;  4 i n  E n & l i s h l  
2 0 ( 3 ) :  85-87; 1986. 

I k t a b o l i s i : ~ ,  L i p i d s ,  Hyperlipemia,  Recovery Period 
Rats 
Hypo k i  ne s i a  , Immo b i  1 i z a t i on ; P s y  c h o l  o ~ y  , Stress 

A b s t r a c t :  This  expe r imen t  was performed on 66 w h i t e  rnale rats k e p t  i n  
i n d i v i d u a l  i m u o b i l i z a t i o n  c a z e s  f o r  30 days. A c o n t r o l  group was 
main ta inea  under normal l a b o r a t o r y  c o n d i t i c n s .  A n i n a l s  were s a c r i f i c e d  on 
day 30 of hypokinesia  and on days  7 ,  15, 21, 30 and 60 o f  t h e  r ecove ry  
period. Flood serum and l i v e r  t i s s u e  were studied.  Blood paranieters 
r e a s u r e d  were: c o n c e n t r a t i o c s  of  t o t a l  l i p i d s ,  c h o l e s t e r o l ,  phospho l ip ids ,  
t r i g l y c e r i d e s ,  2r.d f r e e  f a t t y  ac ids .  L i v e r  p a r a m e t e r s  were glycogen, t o t a l  
l i p i d s ,  t r i g l y c e r i d e s  and c h o l e s t e r o l .  After 30 d a y s  of hypokinesia ,  a 
:.loderate degree of  hypoglycemia, hype rcho les t e ronemia ,  and an e l e v a t e d  
l e v e l  of  free f a t t y  x i d s  were observed i n  t h e  blood. Concen t r z t ion  o f  
t o t a l  l i p i d s ,  t r i c l y c e r i d e s  and c h o l e s t e r o l  were e l e v a t e d  i n  t h e  l i v e r .  
GlycoLen con ten t ,  however, was decreased. After a week o f  recovery,  blood 
s u g a r  l e v e l  vas s i g n i f i c a n t l y  above t h e  corm, and h y p e r t r i g l y c e r e m i a ,  and 
h y p o c h o l e s t e r o l e c i a  were observed,  while l e v e l  of  f ree  f a t t y  a c i d s  had 
dropped. I n  t h e  l i v e r ,  t h e  c o c c e n t r a t i o n  o f  l i p i d s  dec reased  and t h e  
amount of  glycogen was 2.5 times n o m a 1  and 10 t i n e s  i t s  l e v e l  immedia t e ly  
a f t e r  t h e  hypokinesia. S i g n i f i c a n t  h y p e r g l y c e u i a  and dec reased  l e v e l  o f  
f r ee  f a t t y  a c i d s  contifiued u n t i l  t h e  end of t h e  experiment .  The s e r u a  
phospho l ip ids  dropped by day 30 of r ecove ry  and remained n o r m l .  From day 
15 of recovery,  t h e  amouct of  t r i g l y c e r i d e s  i n  t h e  e x p e r i n e n t a l  group's 
blood d i d  not d i f f e r  from c o n t r o l  l e v e l .  E y p e r c h o l e s t e r o l e n i a  was observed 
on days 21 and 60 or recovery.  
remained above n o r n a l  thrclughout t h e  expe r imen t ,  w h i l e  l e v e l s  of t o t a l  
l i p i d s  2nd t r i g l y c e r i d e s  remained depressed. The a u t h o r s  conclude t h a t  t h e  
t ime requ i r ed  f o r  iiletabolism t o  r e t u r n  t o  n o r n a l  may s u b s t a n t i a l l y  exceed 
t h e  d u r a t i o n  of kypckinesia .  

The amount of  glycogen i n  t h e  l i v e r  

Tables:  Table 1: C o n c e n t r a t i o n  of  suga r  i n  t h e  blood and l i p i d s  i n  blood 
serum i n  r a t s  i n  t h e  r ecove ry  pe r iod  a f te r  30 days  of  hypok ines i a  

Tab le  2: Concen t r a t ion  o f  glycogen and l i p i d s  i n  t he  l i v e r  t i s s u e  of r a t s  
d u r i n g  t h e  recovery pe r iod  a f t e r  30 days  o f  hypok ines i a  
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t.189 ( 8/ 86 ) Zor k i n  A A ,  e d i t o r .  
rqetabol icheskiye p r o t s e s s y  p r i  nekotorykh ekstremal 'nykh sos toyan iyakh  
[Metabolic Processes under Extreme Conditions]. 
Kishinev:  S h t i i n t s a ;  19&5. 
[154 pages; 28 t a b l e s ;  16 f i g u r e s ;  276 r e f e r e n c e s ;  41: i n  E n g l i s h ]  
A f f i l i a t i o n :  i ioldavian i t i n i s t r y  o f  Eeal th  

Key Words: Metabolism, Eypokinesia,  Psychology, S t r e s s ,  Hypoxia, 
Adaptat ion,  Radiobiology, Cardiovascular  and E e s p i r a t o r y  Systems, 
Illus cu 1 os ke 1 e t  a 1 System 

Annotation: T h i s  c o l l e c t i o n  is  devoted t o  t h e  problem of  r r e t abo l i c  
a d a p t s t i o n  t o  e x t r e n e  env i ronmen ta l  f a c t o r s  a t  a v a r i e t y  of f u n c t i o n a l  
l e v e l s .  C e r t a i n  pa thogen ic  mechanisms u n d e r l y i n g  t h e  development of 
changes immedia t e ly  af ter  t r a u n a t i c  i n j u r i e s  a r e  d i scussed .  D i s r u p t i o n s  
i n  t h e  f u n c t i o n i n g  o f  v a r i o u s  sys t ems  ucder  c o n d i t i o n s  o f  hypoxia of 
v a r i o u s  e t i o l o g i e s  are examined. Addit ional  i c f o r m a t i o n  is  provided abou t  
t h e  advantages of u s i n g  c e r t a i n  r e sea rch  ne thods  i n  t h e  l a b o r a t o r y ,  a s  
w e l l  as i n  c l i n i c a l  practice. 
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PAPERS: 

P323(8/80?” Khomulo G V ,  Lotova VI, Chernyayev A M ,  Vinogradov IY. 
The effect of hypoxia on DNA synthesis and collagen c o n c e n t r a t i o n  i n  
regenerating s k i n .  
Xosmichesltaya S i o l o g i y a  i Aviakosnicheskaya Medits ina.  

[18  r e f e r e n c e s ;  8 i n  E n g l i s h ]  
2 0 ( 3 ) :  57-61; 1986. 

I iuscul  o s k e l  e t a l  Sy s t en , Co nne c t i v e  Tissue , Skin ; H i  st o l  ogy , Dfl! A ,  Collagen 
Rats 
Hypoxia 

Abstract: Two groups of male w h i t e  r a t s  were used i n  t h i s  experimect .  The 
c o n t r o l  group was wounded s u r g i c a l l j j  through a l l  t h e  l aye r s  of s k i n  
encompassing 225 m2 i n  a r e a ;  t h e  e x p e r i n e n t a l  group was g iven  t h e  s a n e  type 
of  wound and, i n  a d d i t i o n ,  was exposed t o  hypoxia o f  250-260 am 1:s i n  a 
ba rochanbe r  f o r  8-1 0 hours  per  day throughout t h e  experiment .  DHA s y n t h e s i s  
was s t u d i e d  i n  v a r i o u s  areas of t h e  r e g e n e r a t i n g  s k i n  through 
au to rad iog raphy  u s i n g  3H- thymidine.  
i n t r a p e r i t o n e a l l y  5 o r  10 days a f t e r  i n f l i c t i o n  of t h e  wound, 3 ,  6 or 24 
h o u r s  be fo re  t h e  a n i m a l s  were s a c r i f i c e d .  The marked c e l l  index  was 
de te rmined  i n  5 d i f f e r e n t  zones. The q u a n t i t y  o f  c o l l a L e n  e x t r a c t e d  from 
g r a n u l a t e d  t i s s u e  was de te rmined  c o l o r m e t r i c a l l y .  IC a d d i t i o n  t h e  cour se  
of r e L e n e r a t i o n  vas  c:onitGred by rzeasuring the  wound and u s i n g  h i s t o l o g i c a l  
p r e p a r e t i o n s .  t i ea su renen t  of t h e  woufid i n d i c a t e d  t h a t  hypoxia slows t h e  
p r o c e s s  of heal ing.  H i s t o l o g i c a l  a n a i y s i s  showed t h a t  hypoxie r e t a r d e d  t h e  
fo rma t io r ,  o f  g r a n u l a t e d  t i s s u e ,  czusing d e f e c t s  i n  t h e  t i s s u e  t h a t  d i d  
f o r n .  
t h e  a b i l i t y  of t h e  c e l l s  t o  c o n t a i n  t h y c i d i n e ,  i n d i c a t i n g  dec reased  
s y n t h e s i s  of‘ DNA. T h i s  e f f ec t  was p a r t i c u l a r l y  pronounced i n  t h e  
ep ide rmis .  Ten days a f te r  t h e  I J O U K ~ ~  was i n f l i c t e d ,  t h e  d i f f e r e n c e s  between 
t h e  c o n t r o l  and e x p e r i n c n t a l  Groups \ e r e  souewhat  less pronounced than  they  
had been a f te r  5 d a y s  bu t  were s t i l l  s i g n i f i c a n t  i n  a number of a reas .  I n  
c o n t r o l  animals c o l l a g e n  was a t  i t s  maximuw l e v e l  10 days a f t e r  heal ing 
began, but  be;;an t o  d e c r e a s e  15 days a f t e r w a r d ;  f o r  an in i a l s  exposed t o  
hypoxia,  c o l l a g e n  c o n c e n t r a t i o n  was lower t han  t h a t  f o r  c o n t r o l s  on days  5 ,  
10 and 15, and on ly  reached i ts  maximum 15 days  a f t e r  wound i n f l i c t i o n .  

The i s o t o p e  was i n t r o d u c e d  

Study of t h e  marked c e l l  index shorqed t h a t  hypoxia i t ? t e r f e r e d  w i t h  

Tab le  and F i g u r e  Ti t les :  Tab le  1: Width o f  v a r i o u s  e l e m e n t s  of  h e a l i n g  
wounds under c o n d i t i o n s  o f  hypoxia 

T a b l e  2: Marked c e l l  index i n  e p i t h e l i a l  and c o n n e c t i v e  ce l l s  (24 hour s  
a f t e r  a d m i n i s t r a t i o n  o f  3H thymidine) 

T a b l e  3: C o n c e n t r a t i o n  of c o l l a g e n  i n  g r a n u l a t e d  t i s s u e  d u r i n g  wound 
h e a l i n g  

F igu re :  I n c l u s i o n  o f  3H-thymidine i n  n u c l e i  of c e l l s  of t h e  boundary zone 
of  the  e p i t h e l i u m  and p a n u l a t e d  t i s s u e  
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(See a l s o :  Ca rd iovascu la r  and R e s p i r a t o r y  Systems: P320'; 

Human Performance: P317, ,P355) 

PAPERS: 

P319( 8/86 1 * Grigorova  VK. ( B u l g a r i a )  
The r e l a t i o n s h i p  between o p t o k i n e t i c  nystagmus and o p t o v e s t i b u l a r  and 
v e s t i b u l a r  autonomic tolerance. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Medits ina.  

C7 r e f e r e n c e s ;  6 i n  Engl i sh]  
20 (3 ) :  43-45; 1986. 

Neurophysiology, Nystagmus, A s y m e t r y  
Humans, Ind iv idua l  D i f f e r e n c e s  
V e s t i b u l a r  To1 e rance  

Abstract: The author performed 2 expe r imen t s  u s i n g  as s u b j e c t s  60 h e a l t h y  
i n d i v i d u a l s ,  aged 20-45, w i t h o u t  a b n o r m a l i t i e s  o f  v i s i o n ,  h e a r i n g  or 
v e s t i b u l a r  func t ion .  I n  the  first exper iment ,  30 i n d i v i d u a l s  were 
s u b j e c t e d  t o  pseudoCoriolus  s t i m u l a t i o n  f o r  10 minutes  i n  o r d e r  t o  
de te rmine  the i r  s u s c e p t i b i l i t y  t o  motion s ickness .  On t h e  basis o f  the i r  
responses ,  subjects  were d iv ided  i n t o  t h o s e  who were t o l e r a n t  o f  
o p t o k i n e t i c  s t i m u l a t i o n  (group 1) and t h o s e  who were s u s c e p t i b l e  (group 2). 
Subjects i n  both  groups were then  s u b j e c t e d  t o  o p t o k i n e t i c  s t i m u l a t i o n  
des igned  t o  evoke nystagmus and i n v o l v i n g  a f i e l d  o f  v i s i o n  o f  either 30° 
(image presented  on t e l e v i s i o n  s c r e e n )  o r  110' (image p resen ted  on 
c y l i n d e r ) .  A l l  s u b j e c t s  were exposed t o  s t i m u l a t i o n  (motion of black and 
white s t r i p e s )  a t  5 rates (4, 14, 29, 45, and 65 degreedsec), after w h i c h  
15  s u b j e c t s  were exposed t o  s t i m u l a t i o n  a t  8 rates (4,  14,  17, 22, 25, 36- 
38, 45-50 degreedsec.1.  I n  the second expe r imen t ,  30 a d d i t i o n a l  s u b j e c t s  
were subdivided i n t o  three groups  on the basis of  t o l e r a n c e  of  v e s t i b u l a r  
autonomic s t i m u l a t i o n  ( a p p a r e n t l y  determined through Coriolus 
a c c e l e r a t i o n ) ,  w i th  group 1 be ing  most t o l e r a n t  and group 3 least t o l e r a n t .  
Op tok ine t i c  nystagmus was evoked u s i n g  a l t e r n a t i n g  stripes moving a t  5 
d i f f e r e n t  r a t e s  a c r o s s  a t e l e v i s i o n  s c r e e n  ( f i e l d  of v i s i o n  = 30°). 
both exper iments ,  s u b j e c t s  were required to  count  t h e  s t r i p e s  as they  moved 
past  t h e  center of t h e  screen.  Nystagmus w a s  measured through 
nystagmography. Asymmetry was determined  u s i n g  a n g u l a r  v e l o c i t y  of  the  
s low phase and f requency  f o r  each d i r e c t i o n ,  and was expressed  as t h e  
pe rcen t  of r igh t  o r  l e f t  nystagmus i n  r e l a t i o n  t o  the sum of l e f t  and r i g h t  
nystagmus. The au tho r  b e l i e v e s  t h a t  there are two t y p e s  of o p t o k i n e t i c  
nystagmus: c e n t r a l  and peripheral .  Each t y p e  can be evoked by man ipu la t ing  
t h e  f ie ld  of v i s i o n  i n  d i f f e r e n t  ways. I n  these expe r imen t s  t he  t e l e v i s i o n  
s c r e e n  was supposed to  evoke c e n t r a l  nystagmus, whi le  the  c y l i n d e r  was 
supposed t o  evoke per iphera l  nystagmus. R e s u l t s  o f  exper iment  1 showed 
t h a t  asymmetry of c e n t r a l  nystagmus, as i n d i c a t e d  by a n g u l a r  u e l o c i t y ,  is 
more pronounced i n  people  s u s c e p t i b l e  to motion s i c k n e s s  (group 2) t h a n  i n  
people  r e s i s t a n t  t o  motion s iokness .  For both  groups ,  asymmetry is more 
pronounced f o r  c e n t r a l  nystagmus t h a n  for peripheral nystagmus a t  higher 
angu la r  v e l o c i t i e s .  No s i g n i f i c a n t  d i f f e r e n c e s  were found between groups  
o r  s t i m u l a t i o n  c o n d i t i o n s  for nystagmus frequency.  
exper iment ,  s u b j e c t s  most s u s c e p t i b l e  t o  motion s i c k n e s s  showed greater 
asymmetry in angu la r  v e l o c i t y  of nystagmus t h a n  s u b j e c t s  i n  t h e  o t h e r  two 

I n  

I n  t h e  second 
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groups. This d i f f e r e n c e  was s t a t i s i i c a l l y  s i g n i f i c a n t  o n l y  when a n & l a r  
v e l o c i t y  of s t i m u l a t i o n  was of 4S0/rnin. 
expe r imen t  t h a t  asymmetry of c e n t r a l  nystagmus is s i g n i f i c a n t l y  correlated 
w i t h  v e s t i b u l a r  t o l e r a n c e  of Cor io lus  or pseudoCor io lus  accleration. 

The a u t h o r  concludes  from t h i s  

Tables:  Table 1: C o e f f i c i e n t s  of asymmetry of t h e  a n g u l a r  v e l o c i t y  of t h e  
slow phase of o p t o k i n e t i c  nystagmus 

Tab le  2: C o e f f i c i e n t s  of asymmetry of the  a n g u l a r  v e l o c i t y  o f  the s low 
phase of c e n t r a l  o p t o k i n e t i c  nystagmus i n  i n d i v i d u a l s  d i f f e r i n g  i n  
v e s t i b u l a r  autonomic t o l e r a n c e  

6 5  



P322( 8/86 )* Tigranyan RA, Kovalev VYu. 
The effect of long-term s p a c e  f l ight on the c o n c e n t r a t i o n  of polyamines in 
the  brain of rats. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Medi t s ina .  
20(3): 53-57; 1986. 
[ 11 r e f e r e n c e s ;  7 i n  Eng l i sh ]  

Neurophysiology, Bra in ,  Polyamines 
Rats 
Spaceflight, Long-term, "Cosmos-1 129"; Psychology, Stress 

Abstract: In  t h i s  exper iment ,  Histar rats were f lown f o r  18.5 days i n  t h e  
"Cosmos-1 129" biosatell i te.  Synchronous and v i v a r o u s  c o n t r o l  g roups  were 
also used. A p o r t i o n  of the a n i m a l s  were sacrificed either 6 t o  8 hour s  or 
6 days a f t e r  landing.  A p o r t i o n  o f  t he  group sacrificed on day 6 had also 
been sub jec t ed  t o  5 150-minute per iods of i m m o b i l i z a t i o n  subsequent  t o  
landing.  Control  and synchronous groups  were also s u b j e c t e d  t o  
immobi l iza t ion .  There were 6-7 a n i m a l s  i n  each e x p e r i m e n t a l  and c o n t r o l  
group. Concent ra t ion  of polyamines i n  ( t h e  cerebral hemispheres, 
ce rebe l lum,  medul la  ob longata ,  and hypothalamus)  were de te rmined  by ion-  
exchange chromatography followed by electrophoresis of t h e  s u p e r n a t a n t ,  
obtained through c e n t r i f u g a t i o n  of homogenates. Changes i n  l e v e l s  o f  
po lyamines  are shown i n  d e t a i l  i n  F i g u r e s  1-3. On t h e  basis of these 
r e s u l t s ,  t h e  a u t h o r s  draw t h e  f o l l o w i n g  g e n e r a l i z a t i o n s  and conc lus ions :  
the  greatest changes i n  t h e  f l i g h t  a n i m a l s  occur red  i n  t h e  medulla. 
P u t r e c i n e  and spermine,  were the  most and least  affected, r e s p e c t i v e l y .  
Immediately after landing ,  there were s i m i l a r  changes i n  t h e  polyamine 
c o n c e n t r a t i o n s  of  the f l i g h t  and synchronous groups,  but  these o c c u r r e d  i n  
d i f f e r e n t  a r e a s  of the  brain. 
d i d  not  change i n  ei ther t h e  f l i g h t  or synchronous groups,  s u g g e s t i n g  that  
n o r m a l i z a t i o n  may already have occurred ,  or  t h a t  capacity for r e a c t i o n  had 
a l ready  been exhausted.  Immedia te ly  af ter  l and ing ,  spermine  c o n c e n t r a t i o n  
was e l e v a t e d  i n  a l l  areas excep t  t h e  ce rebe l lum i n  t h e  f l i g h t  group. The 
combinat ion i n  the  ce rebe l lum o f  decreased spe rmine  and i n c r e a s e d  
spermidine  ( t h e  sou rce  of spermine)  cou ld  be exp la ined  by a weakening of 
t h e  a c t i o n  of t h e  enzyme spe rminsyn the ta se .  
o t h e r  areas of the b r a i n  may have occur red  fo r  a n o t h e r  reason. S i x  d a y s  
after landing ,  n o r m a l i z a t i o n  was no t  complete i n  t h e  medulla ,  ce rebe l lum 
and hypothalmus. I n  a d d i t i o n ,  l e v e l s  of p u t r e c i n e  and spe rmid ine  i n  t he  
ce rebe l lum i n c r e a s e d  s i g n i f i c a n t l y  o v e r  t h e i r  immediate post f l i g h t  v a l u e s  
fo r  t h e  f l i g h t ,  bu t  not  t h e  synchronous group. 
f l i g h t  and synchronous groups  were similar immedia t e ly  after f l i g h t ,  t hey  
d i f f e r e d  6 days  later. The a u t h o r s  i n t e r p r e t  t h i s  as i n d i c a t i n g  t h a t  f l i g h t  
effects proper, are confounded by the effects of emot iona l  stress 
(associated w i t h  l and ing)  i n  t he  immediate p o s t - f l i g h t  period. 
w i t h  immobi l i za t ion  stress are i n t e r p r e t e d  as i n d i c a t i n g  t h a t  space f l i g h t  
factors a f f ec t  the c e n t r a l  nervous sys tem i n  t h e  same way as c h r o n i c  
stress. However, the nerve  c e n t e r s  o f  t h e  hypothalamus and medul la  adap t  
more r a p i d l y  to these stress cond i t ions .  I n  t he  ce rebe l lum and cerebrum 
the stess a s s o c i a t e d  w i t h  w e i g h t l e s s n e s s  a p p a r e n t l y  l e d  to  changes i n  t h e  
state of the  nerve  c e n t e r s  a f f e c t i n g  the  s t a b i l i t y  of t h e  p r o t e i n  
s y n t h e s i z i n g  mechanism. 

Polyamine l e v e l s  i n  t h e  cerebral hemispheres 

The i n c r e a s e d  spe rmine  i n  

Although changes i n  t h e  

R e s u l t s  
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Figures :  
b r a i n s  of  ra ts  immedia te ly  after a f l i g h t  on the "Cosmos-1129" 
b i o s a t e l l i t e .  Here and i n  F i g u r e s  2 and 3: a -- p u t r e s c i n e ;  b -- 
spe rmid ine ;  c -- spermine;  d a r k  b a r s  -- c o n t r o l ;  c r o s s  hatched bars -- 
synchronous exper iment ;  w h i t e  bars -- f l i g h t ;  A -- medul la  oblongata ;  B -- 
ce rebe l lum;  C -- hypothalamus; D -- c e r e b r a l  hemispheres. Here and i n  
F i g u r e s  2 and 3: s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  comparison t o  c o n t r o l  
group areadenoted  by +, and between f l i g h t  and synchronous groups by *. 

Figure  1: Concen t r a t ion  of polyamines i n  v a r i o u s  areas o f  t h e  

F i g u r e  2: Concen t r a t ion  o f  polyamines i n  v a r i o u s  areas of  the  b r a i n s  of 
ra t s  6 days  after l a n d i n g  after a f l i g h t  on t h e  "Cosmos-1129" 
b i o s a t e l l i t e .  Here and i n  F igu re  3, d i f f e r e n c e s  s i g n i f i c a n t  w i t h  respect 
t o  l e v e l s  ob ta ined  immediately after l and ing  are i n d i c a t e d  by O. 
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Figure 3. Concentration of polyamines i n  various areas of the brains of 
rats subjected t o  repeated immobilization after landing, 6 days after 
completion of a f l i g h t  on the "Cosmos-1 129" b i o s a t e l l i t e .  Signif icant  
differences between animals subjected and not' subjected to immobilization 
are indicated by * .  
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P335( 8/86 Tychina VP, Nechayev AP. 
Bioelectric a c t i v i t y  in the human brain during s leep deprivation. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  

[ I 3  r e f e r e n c e s ;  2 i n  Engl i sh]  
20(3): 88-91; 1986. 

Neurophysiology, Bioelectric A c t i v i t y ;  Human Per formance  
Humans 
Psychology, I s o l a t i o n ;  F a t i g u e ,  Sleep Depr iva t ion  

Abstract: Three h e a l t h y  i n d i v i d u a l s ,  aged 30-50, par t ic ipa ted  i n  this 
study. These s u b j e c t s  were held in i s o l a t i o n  for 3 months and r e q u i r e d  t o  
perform operator's work (compensatory tracking) eve ry  day. After a d a p t i n g  
t o  i s o l a t i o n ,  t h e y  were s t u d i e d  dur ing  a 3-day period of sleep 
depr iva t ion .  EM;s were recorded  w i t h  leads attached t o  t h e  back of t h e  
head a t  1O:OO and l7:OO each day. During the  f irst  EEG, s u b j e c t s  were 
engaged i n  performance of t r a c k i n g  tasks ,  and d u r i n g  the second r e c o r d i n g  
they  were engaged i n  psycho log ica l  tests. Base l ine  measurements  were t aken  
before and after each s e s s i o n ,  w h i l e  the s u b j e c t  was a t  rest. EM; 
r e c o r d i n g  con t inued  u n t i l  s u b j e c t s  showed clear s i g n s  of f a l l i n g  asleep. 
Genera l  a l e r t n e s s  was a s s e s s e d  on t h e  b a s i s  of speech, performance of 
s imple  arithmetic problems and coordinat ion.  I n  a d d i t i o n  t h e  EEG, an  EKG 
was recorded, and r e s p i r a t o r y  frequency and heart rate were a l s o  measured. 
Performance on the  t r a c k i n g  task cont inued a t  a r e l a t i v e l y  high l e v e l  
th roughout  t he  sleepless period. However, clear effects of  t he  t r e a t m e n t  
were observed on  the  EM; r e c o r d s ,  i n  p a r t i c u l a r ,  i n c r e a s e  i n  s low 
synchronized  waves d u r i n g  both t a s k  performance and r e l a x a t i o n .  A t  t h e  
same time, f a s t  waves were c u r t a i l e d  i n  ampli tude.  Pronounced i n d i v i d u a l  
d i f f e r e n c e s  were observed i n  t h e  responses  t o  sleep d e p r i v a t i o n  recorded  
by t h e  EEG. EEG f e a t u r e s  characteristic of a l e r t n e s s  cont inued  a t  a 
f a i r l y  h igh  l e v e l  d u r i n g  t r a c k i n g  task performance,  w h i l e  propert ies  more 
characteristic of t r a n s i t i o n  t o  sleep occur red  while s u b j e c t s  were f i l l i n g  
i n  t h e  b l anks  o f  p sycho log ica l  tests. 

F igure :  Temporal and ampl i tude  r e l a t i o n s h i p  between t h e  l e v e l s  of 
bioelectric a c t i v i t y  of the b r a i n  
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P339(8/86)' Gorg i l adze  G I ,  Samarin G I ,  Bryanov 11. 
Interlabyrinth asymmetry, vest ibular dysfunction and space motion sickness. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  

1121 r e f e r e n c e s ;  52 i n  Eng l i sh ]  
20 (3 ) :  19-31; 1986. 

Neurophysiology, V e s t i b u l a r  Dysfunct ion ,  Space Motion S ickness ;  Pe r sonne l  

Humans, Cosmonauts, L i t e r a t u r e  Review 
Adapta t ion ,  I n t e r l a b y r i n t h  Asymmetry; Space F l i g h t ,  nSalyut-6w 

S e l e c t i o n  

Abs t r ac t :  Analys is  of data  from c l i n i c a l  and p h y s i o l o g i c a l  examina t ions  of 
C O S m O M U t S  makes i t  p o s s i b l e  t o  examine d i s r u p t i o n  of t h e  p a i r e d  
f u n c t i o n i n g  o f  t he  l a b y r i n t h s  as one of t h e  causes  of space  motion 
s i ckness .  It is possible t o  examine d i f f e r e n c e s  i n  b a s e l i n e  l e v e l s  o f  
v e s t i b u l a r  and o t o l i t h i c  asymmetry i n  t h e  cosmonauts and a s s o c i a t e  these 
d i f f e r e n c e s  w i t h  space  motion s i c k n e s s  symptoms. It is also i m p o r t a n t  t o  
c o n s i d e r  t h a t  after r e t u r n  t o  Ea r th  many cosmonauts  showed i n c r e a s e d  l e v e l s  
o f  asymmetry i n  v a r i o u s  parameters of v e s t i b u l a r  func t ion ing .  A s  a r u l e ,  
v e s t i b u l a r  asymmetry w a s  associated w i t h  symptoms of motion s i c k n e s s ,  and 
t h e  most pronounced symptoms were associated w i t h  t h e  highest  l e v e l  of 
asymmetry, as i n d i c a t e d  by nystagmus. I n  man and a n i m a l s ,  t h e  ex t r eme  case 
of s u r g i c a l  d e s t r u c t i o n  of one  l a b y r i n t h  is  associated w i t h  nausea,  
d i z z i n e s s ,  vomit ing,  and other symptoms. While these symptoms abate w i t h  
a d a p t a t i o n  they  do not  d i sappea r  comple t e ly ,  and are p a r t i c u l a r l y  
pronounced under v a r i o u s  k inds  of ex t reme c o n d i t i o n s ,  i n c l u d i n g  
weightlessness induced by p a r a b o l i c  f l i g h t .  The a u t h o r s  a rgue  tha t  some 
degree o f  i n i t i a l  v e s t i b u l a r  asymmetry is v i r t u a l l y  omnipresent ,  a s s o c i a t e d  
w i t h  (among o t h e r  f a c t o r s )  d i f f e r e n c e s  i n  t h e  weight of the o t o l i t h  
membrame, f o r  which the  c e n t r a l  nervous sys tem compensates  under  normal 
c o n d i t i o n s  by i n c r e a s i n g  i n h i b i t i o n  of the  dominant  side and i n c r e a s i n g  
f a c i l i t a t i o n  of t h e  other side.  The ex t r eme  envi ronmenta l  f a c t o r s  
associated w i t h  space f l i g h t  d i s r u p t  t h i s  compensat ion,  and cause  a "newn 
v e s t i b u l a r  asymmetry t o  arise. C o n t r i b u t i n g  f a c t o r s  may i n c l u d e  
e l i m i n a t i o n  o f  weight  d i f f e r e n c e s  i n  t he  o t o l i t h  membrane, d i s r u p t i o n  of 
c a n a l - o t o l i t h  i n t e r a c t i o n s ,  a symmet r i ca l  hemodynamic and f l u i d  s h i f t s ,  
development of  s i g n i f i c a n t  hemispheric  asymmetry, and stress. Adapta t ion  
t o  space f l i g h t  c o n d i t i o n s  and t h e  d i sappea rance  of space motion s i c k n e s s  
symptoms are a t t r i b u t e d  by t h e  a u t h o r s  t o  a new compensatory mechanism 
a p p r o p r i a t e  t o  t h e  new asymmetry a r i s i n g  i n  we igh t l e s sness .  When 
cosmonauts  r e t u r n  t o  Ea r th ,  t h i s  new compensat ion is still i n  o p e r a t i o n ,  
l e a d i n g  aga in  t o  a n  asymmetry and, t hus ,  renewed symptoms of motion 
s i ckness .  Laboratory d a t a  cited as conf i rming  these r e s u l t s  i n c l u d e  
r e l a t i v e l y  high l e v e l s  of v e s t i b u l a r  asymmetry, ei ther n a t u r a l  or induced,  
on  the p a r t s  of s u b j e c t s  who are prone t o  motion s i ckness .  The a u t h o r s  do 
n o t  claim that i n t e r l a b y r i n t h  asymmetry is the  only  mechanism l e a d i n g  t o  
space motion s i ckness .  They s u g g e s t  a research program t o  f u r t h e r  
i n v e s t i g a t e  t h e  role of v e s t i b u l a r  asymmetry i n  t h e  g e n e s i s  o f  space motion 
s i c k n e s s ,  i nvo lv ing  i n v e s t i g a t i o n  of: 1) a s s o c i a t i o n  between degree o f  
o t o l i t h  and c a n a l  asymmetry u s i n g  a v a r i e t y  of v e s t i b u l o m e t r i c  methods 
(o to l i t homet ry ,  c a l o r i c  i r r i g a t i o n ,  s i n u s o i d a l  r o t a t i o n ,  electrical  
s t i m u l a t i o n  o f  t he  l a b y r i n t h s  and o p t o k i n e t i c  s t i m u l a t i o n ) ;  and 2 ) t h e  
tendency toward development o f  k i n e t i c ,  s enso ry  and au tonomic  symptoms 
under  normal circumst8r!ces, i n  r e sponse  to  a number of p r o v o c a t i v e  tests, 
under  stress, dur ing  s i m u l a t i o n s  of s p a c e  f l i g h t  factors, and, e s p e c i a l l y  
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d u r i n g  space f l i g h t  i tself .  If the  c o r r e l a t i o n  t u r n s  o u t  t o  be high, tes ts  
f o r  i n t e r l a b y r i n t h  asymmetry might  be used i n  t he  s e l e c t i o n  of  cosmonauts. 

F igu res :  0 
a 

16 

-LLuuuuuu 
30 75 96 140 175 185 211 
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L 

7 8 
I 

“i 4 2m I 

F i g u r e  1. M a n i f e s t a t i o n s  of v e s t i b u l a r  asymmetry i n  cosmonauts and hea l thy  
i n d i v i d u a l s  exposed t o  s i m u l a t i o n s  of v a r i o u s  space f l i g h t  f a c t o r s .  

a - o t o l i t h  asymmetry i n  cosmonauts immedia te ly  af ter  comple t ion  o f  
o rb i t a l  f l i g h t s .  Black c i r c l e s  i n d i c a t e  pronounced 
symptoms o f  motion s i c k n e s s  ; w h i t e  circles i n d i c a t e  absence of 
such symptoms. 
degree of asymmetry man i fe s t ed  i n  o c u l a r  c o u n t e r r o l l i n g  ( i n  degrees). 
Dotted l i n e  -- mean magnitude of t h i s  r e a c t i o n  i n  h e a l t h y  males. 

Abscissa -- l eng th  of f l i g h t  i n  days ;  o r d i n a t e  -- 

b - spontaneous nystagmus i n  crewmembers of  NSoyuz-T-4w-NSalyut-6n 
complex i n  the dark i n  a s i t t i n g  p o s i t i o n  1 hour ( 1 )  and 56 days  (2) 
af ter  a 75-day f l i g h t .  The upper and l o w e r  cu rves  are e l e c t o -  
oculograms i n  the v e r t i c a l  and h o r i z o n t a l  leads, r e s p e c t i v e l y .  

c - o t o l i t h  asymmetry as shown by o c u l a r  c o u n t e r r o l l i n g  ( i n  degrees) 
i n  h e a l t h y  a d u l t s  under normal cond i t ions  (11, af ter  182 days  of 
hypokines ia  w i t h  head-down t i l t  (21, af te r  motion s i c k n e s s  induced by 
Cor io lus  and p r e c e s s i o n a l  a c c e l e r a t i o n  (3) and i n  cosmonauts 
immediately after complet ion of  long-term o r b i t a l  f l i g h t s .  
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Figure  2. Di f fe rences  i n  weight between the  s t a t o c o n i a  of t h e  u t r i c u l u s  (1) 
and sacculus  (2)  of t h e  r i g h t  and l e f t  l a b y r i n t h  i n  25 a d u l t  
(common pike,  i n  mg). I n  both cases, P<0.05. 

Juc ius  

F igu re  3. Hypothetical diagram e x p l a i n i n g  " i n i t i a l "  uncompensated 
v e s t i b u l a r  asymmetry (I), compensation for  i t  under normal c o n d i t i o n s  
(111, the appearance o f  v e s t i b u l a r  asymmetry and compensation f o r  i t  under 
weightlessness (I11 and I V ,  r e s p e c t i v e l y )  and after r e t u r n  t o  Ea r th  (V and 
V I ) .  

F igu re  4. Tolerance of Bryanov test ( i n  minutes )  under  normal c o n d i t i o n s  
and when a cons tan t  5.0 Amp c u r r e n t  is passed through t h e  r i g h t  l a b y r i n t h .  
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P341(8/86) Skoromnyy N A ,  Demchenko IT ,  Beketov A I ,  Moskalenko YuYe. 
Cerebral c irculat ion and oxygen pressure i n  conscious rabbits  undergoing 
motion sickness.  
F i z i o l o g i c h e s k i y  Zhurnal  SSSR i m .  I.M. Sechenova. 

[15 r e f e r e n c e s ;  4 i n  Eng l i sh ]  
A f f i l i a t i o n s :  Medical I n s t i t u t e ,  Simferopol ;  Sechenov I n s t i t u t e  of 
Evo lu t iona ry  Physiology and Biochemistry,  USSR Academy o f  Sc iences ,  
Leningrad 

Neurophysiology, Cerebral C i r c u l a t i o n ,  Oxygen P res su re ;  Ca rd iovascu la r  and 

Rabbi t s  
Motion S ickness  

7 2 ( 3 ) :  352-356; 1986. 

R e s p i r a t o r y  Systems 

Abstract: I n  t h i s  s tudy ,  p la t inum e l e c t r o d e s  were implan ted  i n  the  b r a i n s  
o f  17 r a b b i t s ,  making it p o s s i b l e  t o  measure both o v e r a l l  and l o c a l  
c i r c u l a t i o n ,  as well as PO2 i n  t h e  cerebral cortex.  Blood f low was 
measured i n  t h e  f r o n t a l ,  o c c i p i t a l  and tempora l  r e g i o n s  of t h e  cerebral 
c o r t e x  on t h e  basis o f  hydrogen clearance.  Exper imenta l  p rocedures  began 2 
weeks af ter  electrode implan ta t ion .  
v a r i a b l e  l i n e a r  a c c e l e r a t i o n s  a t  a frequency o f  30-34 per minute  f o r  a 
per iod  o f  1 hour. Parameters were measured be fo re  t h e  v e s t i b u l a r  
s t i m u l a t i o n ,  a t  i n t e r v a l s  o f  5 t o  10 minutes  dur ing ,  and f o r  1 hour after 
s t i m u l a t i o n  was terminated. 
c e r e b r a l  c i r c u l a t i o n  and par t ia l  oxygen p res su re ,  w h i l e  the second charted 
the effects of t he  expe r imen ta l  t r ea tmen t  on systemic blood pressure. No 
d i f f e r e n c e s  were found among t h e  mean v a l u e s  f o r  b a s e l i n e  blood f low i n  t h e  
3 r e g i o n s  measured. 
was i n  the  i n d i v i d u a l  c o r t i c a l  structures. During v e s t i b u l a r  s t i m u l a t i o n  
s i g n i f i c a n t  hemodynamic changes were observed i n  t h e  cortical  s t r u c t u r e s .  
For example, t o t a l  blood flow inc reased  immediately after t h e  t r e a t m e n t  
began and after 5 minu tes  had increased  by a mean o f  17% over  base l ine .  
The i n t e r v a l  f o r  the maximum inc rease  i n  blood f low v a r i e d ,  bu t  t h e  modal 
i n t e r v a l  was 10 mintues.  T o t a l  c e r e b r a l  blood f low remained e l e v a t e d  
throughout  the t r e a t m e n t  and r e tu rned  t o  b a s e l i n e  by 30-40 n i n u t e s  af ter  
s t i m u l a t i o n  was te rmina ted .  Patterns of l o c a l  blood flow were s i m i l a r  t o  
t h a t  of o v e r a l l  blood f low,  w i t h  t he  greatest i n c r e a s e s  o c c u r r i n g  i n  t h e  
tempora l  and occ ip i ta l  reg ions .  The gene ra l  p a t t e r n  of  response  t o  the 
s t i m u l a t i o n  involved  an  immediate i n c r e a s e  i n  c i r c u l a t i o n  i n  t h e  tempora l  
c o r t e x ,  and gradual i n c r e a s e s  i n  t h e  o t h e r  r e g i o n s  s tud ied .  These 
i n c r e a s e s  were main ta ined  u n t i l  the t e r m i n a t i o n  of  s t i m u l a t i o n .  The 
s t i m u l a t i o n  was a s s o c i a t e d  w i t h  s t a t i s t i c a l l y  i n s i g n i f i c a n t  decreases i n  
PO2 i n  the 3 r e g i o n s  o f  t h e  cortex.  Changes i n  blood p r e s s u r e  showed no 
clear p a t t e r n  and d i f f e red  among animals.  The a u t h o r s  conclude  from this 
tha t  a close r e l a t i o n s h i p  e x i s t s  between cerebral c i r c u l a t i o n  and 
v e s t i b u l a r  s t i m u l a t i o n ;  however, t h e  mechanism unde r ly ing  t h i s  connec t ion  
cannot  be de te rmined  unambiguously. One p o s s i b l e  e x p l a n a t i o n  f o r  i n c r e a s e d  
c o r t i c a l  blood supply  i n  the absence of  blood p r e s s u r e  changes i s  v a s c u l a r  
d i l a t i o n  r e s u l t i n g  f rom e x c i t a t i o n  of t h e  c h o l i n e r g i c  sys tem i n  response  t o  
v e s t i b u l a r  s t i m u l a t i o n .  
e x c i t a t i o n  o f  neurons i n  the c o r t i c a l  area a s s o c i a t e d  w i t h  t h e  v e s t i b u l a r  
sys t em (located i n  the  tempora l  reg ion)  w i t h  spread of e x c i t a t i o n  t o  o t h e r  
areas. 
w i t h o u t  a concomi tan t  i n c r e a s e  i n  p02, s u g g e s t i n g  lack o f  compensat ion f o r  

Notion s i c k n e s s  was induced w i t h  

The f i r s t  exper iment  examined changes i n  

T o t a l  cerebral blood f low was 12-19% lower  than  i t  

Another pos tu l a t ed  mechanism i s  i n c r e a s e d  

C o n s i s t e n t  with t h i s  exp lana t ion  is  t h e  i n c r e a s e  of  blood f low 
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oxygen metabolism. F u r t h e r  research on t h i s  effect  should  fac i l i t a te  t h e  
development of motion s i c k n e s s  countermeasures .  

F i g u r e s  : 

-'O t 
F i g u r e  1: Changes ove r  time i n  blood f l o w  i n  cortical r e g i o n s  of t h e  b r a i n  
d u r i n g  i n d u c t i o n  of motion s i ckness .  

Abscissa: time i n  minutes ;  Ordina te :  changes i n  blood f l o w ,  i n  5 of 
basel ine.  
temporal r eg ion  o f  the b ra in .  

1 - t o t a l  blood flow; 2 - occ ip i t a l ;  3 - f r o n t a l ;  4 - 

1 

,min 30 

3 

F i g u r e  2. Changes ove r  time i n  oxygen p r e s s u r e  i n  cortical  r e g i o n s  of the 
b r a i n s  of r a b b i t s  d u r i n g  i n d u c t i o n  of motion s i c k n e s s .  

Abscissa: time, i n  minutes ;  Ordina te :  changes i n  po la rograph ic  
c u r r e n t ,  i n  X of base l ine .  1 - o c c i p i t a l ;  2 - f r o n t a l ;  3 - t empora l  
r e g i o n s  of t h e  b ra in .  
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P326(8/86)* Karpov BA, Aleksandrov LG. 
A technique for calibrating oculograms. 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Medits ina.  

[4 r e f e r e n c e s ;  1 i n  Engl i sh]  
20(3):  71-73; 1986. 

Neurophysiology, Eye Movement 
Humans, Males 
C a l i b r a t i o n  Technique 

Abstract: To e l i m i n a t e  t h e  errors i n h e r e n t  i n  t h e  t r a d i t i o n a l  technique  
fo r  c a l i b r a t i n g  oculograms d u r i n g  v o l u n t a r y  s h i f t i n g  of gaze from one 
target t o  a n o t h e r ,  the  a u t h o r s  tested a t echnique  i n v o l v i n g  v i s u a l  tracking 
of a smoothly moving target. Compared t o  the s t a n d a r d  technique ,  t h e  
proposed method was found t o  produce s u b s t a n t i a l l y  less v a r i a b i l i t y  i n  
measured eye  movement parameter a c r o s s  trials. 

Table and F i g u r e  Titles: Table 1: E r r o r s  ( V a r i a b i l i t y )  i n  f i x a t i o n  s h i f t s  
by means of saccadic eye  movements 

Table 2: Characteristics of smooth t r a c k i n g  e y e  movements when targe 
o s c i l l a t i o n  v a r i e s  i n  f requency  

Table 3: Value of G i n  tracking a target per forming  pendul i form movements 
between two c a l i b r a t i o n  p o i n t s  

F igure :  Eye movement trace for a s u b j e c t  t r a c k i n g  a c a l i b r a t i o n  target 
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PAPERS: 

P350(8/86) Bogdanov NG,  Gvozdova LG, Belakovskiy MS, Smirnova AN,  
Blazheyevich NV, Taraban'ko VM, Yuzhanskaya PIG, Pastushkova LKh, Zaburkina 
TG, Pereverzeva OG. 
Vitamin l e v e l s  i n  cosmonauts during pref l ight  training and after 
completion of short-term space flights. 
Voprosy P i  t a n i y a .  

C15 r e f e r e n c e s ;  10 i n  E n g l i s h ]  
A f f i l i a t i o n :  I n s t i t u t e  of  N u t r i t i o n ,  USSR Academy o f  Ned ic ine ;  I n s t i t u t e  
o f  Biomedical Problems, USSR M i n i s t r y  o f  Health, Poscow 

1986( 3 )  : 28-31 . 

N u t r i t i o n ,  Vitamin L e v e l s  
Humans, Cosmonauts 
Space f l i g h t ,  Short- term,  nSalyut-6,  nSoyuzn; F l i g h t  T r a i n i n g  

Abstract: Vitamin l e v e l s  i n  cosmonauts were de te rmined  by measuring t h e i r  
d i e t a r y  in t ake ,  c o n c e n t r a t i o n  of  v i t a m i n s  i n  t h e  blood, and e x c r e t i o n  o f  
v i t a m i n s  and t h e i r  metabolites w i t h  d a i l y  u r i n e ,  the  a c t i v i t y  of enzymes 
having v i t a m i n s  as coenzymes, and t h e  a c t i v a t i o n  of these enzymes by t h e i r  
coenzymes. Dai ly  r e n a l  e x c r e t i o n  o f  t h i amine ,  r i b o f l a v i n ,  N1-methyl 
n i co t inamide ,  a s c o r b i c  acid, and 4 -pyr idox ic  acid was measured 1 month and 
1-5 days before s p a c e  f l i g h t ,  and on days  1-7 p o s t - f l i g h t  ( d u r a t i o n  from 4 
t o  13 days). C o n c e n t r a t i o n s  of  v i t a m i n  A, c a r o t e n o i d s ,  v i t a m i n  B12, 
v i t a m i n  C, v i t a m i n  E and 25 -hydroxycho leca lc i f e ro l  (25-HCC) i n  venous 
blood serum were measured 1 month p r e f l i g h t ,  and 1 day a f te r  r e t u r n  t o  
Earth.  I n  a d d i t i o n ,  a c t i v i t y  o f  g l u t a t h i o n e  r e d u c t a s e  of e r y t h r o c y t e s  and 
its i n c r e a s e  i n  r e s p o n s e  t o  the a d d i t i o n  o f  FAD (FAD ef fec t )  was used as 
an estimate of l e v e l  of r i b o f l a v i n .  C o n c e n t r a t i o n  o f  n i a c i n  was estimated 
by the  c o n c e n t r a t i o n  o f  n i c o t i n a m i d e  coenzymes ( N A D  and NADP),  and t h e  
l e v e l  of th i amine  was estimated by t h e  a c t i v i t y  o f  t r a n s k e t o l a s e s  and by 
i n c r e a s e  i n  t h i s  a c t i v i t y  after the  a d d i t i o n  o f  t h i a m i n e  d iphospha te  (TDP 
effect). Resu l t s  of these measurements are p r e s e n t e d  i n  Tables 1 and 2. 
During the  i n t e n s i v e  c o n d i t i o n i n g  and t r a i n i n g  period, 1 month p r e f l i g h t ,  
mean v i t amin  l e v e l s  g e n e r a l l y  f e l l  w i t h i n  p h y s i o l o g i c a l  norms ( w i t h  t h e  
e x c e p t i o n  of  decreased t h i a m i n e  e x c r e t i o n ) .  During t h e  l a t t e r  p a r t  of 
t r a i n i n g ,  a l l  cosmonauts were t a k i n g  v i  t amin  supp lemen t s ;  this was 
accompanied by i n c r e a s e d  s e c r e t i o n  o f  v i t a m i n s  and t h e i r  me tabo l i t e s .  
These results are i n t e r p r e t e d  as i n d i c a t i n g  adequa te  consumption o f  
v i t a m i n s .  du r ing  t h e  p r e f l i g h t  period. I n  t h e  p o s t f l i g h t  pe r iod ,  d u r i n g  
which the  cosmonauts con t inued  t o  take v i t a m i n  supp lemen t s ,  e x c r e t i o n  of 
v i t a m i n s  decreased t o  t h e  lower  boundary of the norm i n  some i n d i v i d u a l s .  
Variance i n  v i t a m i n  e x c r e t i o n  and blood l e v e l s  was h ighe r  post- t han  
p r e f l i g h t ,  s u g g e s t i n g  t h e  i n f l u e n c e  of i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  
metabolic r e a c t i o n s  t o  ex t r eme  f a c t o r s .  While p r e f l i g h t  - p o s t f l i g h t  
d i f f e r e n c e s  i n  e x c r e t i o n  o f  v i t a m i n s  t ended  t o  be s i g n i f i c a n t  
s t a t i s t i c a l l y ,  t h i s  was not  t h e  case w i t h  blood c o n c e n t r a t i o n s ,  because of 
i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  d i r e c t i o n  of changes. However, mean blood 
l e v e l s  remained w i t h i n  normal l i m i t s .  The s t a t i s t i c a l l y  s i g n i f i c a n t  
decrease i n  the e x c r e t i o n  of  a nunber  of v i t a m i n s  d u r i n g  t h e  p o s t f l i g h t  
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pe r iod  s u g g e s t s  an i n c r e a s e d  v i t a m i n  metabolism and and t h u s  i n c r e a s e d  need 
f o r  them p o s t f l i g h t .  

Tables: Table 1: D a i l y  renal exc re t ion  o f  v i t a m i n s  and t h e i r  m e t a b o l i t e s  
i n  cosmonauts pre- and p o s t f l i g h t  

Parameter Preflight Postflight Physiological 
1 month 1-5 days Day 1 Day 2 Norm 

Thiamine, up, 337k16.8 599~49.6 28595 .1  3 1 0 9 6 . 3  150-300 
N (164)  (98) ( 2 3 )  
P < 0.001 < 0.001 < 0.001 

N (164) (98) (23)  
P < 0.05 < 0.05 < 0.01 

N (138)  (96) ( 2 3 )  
P < 0.001 < 0.01 < 0.01 

N~ -me thyln ico t inamide ,mg 9 .399 .34  13 .239 .  52 10 .8~1 .16  10 .020. 80 
N ( 166) (98) (23)  
P < 0.001 < 0.01 

R ibof l av in ,  ug 479&1 .O 619fi2.5 343291.6 43462.4  300-1000 

4-Pyrodoxic acid,  mg 2.25k0.13 4.3920.23 2 .87d .54  2.69@.52 1.5-2.5 

7-12 

Ascorb ic  acid,  me 25.0k4.4 58.1&,7 -- -- 20-30 
N (84)  (62) 
P < 0.001 

Tab le  2: Concent ra t ion  of  c e r t a i n  v i t amins  i n  t he  blood of cosmonauts and 
a c t i v i t y  o f  v i t amin  dependent enzymes pre- and p o s t f l i g h t  

Parameter 1 month preflight Day 1 pos t f l i ght  Norm 

Vitamin A ,  ug/lOO m l  

Carotenoids ,  ug/lOO ml 
Vitamin B, pg/ml 
25-HCC, pg%l 
Vitamin E, m g / l O O  m l  
TDP e f f e c t ,  % 
FAD e f f e c t ,  abs. u n i t s  
NAD+NADP, ugh1 
Ascorbic acid,  m g / l O O  m l  

P 
4521.5 

156&.6 
743di5.7 
51 e722.7 

1 . 5 6 9 . 0 5  

1 .089 .03  
28,021.8 

1 . 4 9 9 . 1 5  

13.921 -5 

60.824.5 (17)  

179k11.6 (17)  
6 1 9 S 9 . 3  (15)  
58.624.6 (15)  
1.48&.07(15) 

12.521.03 (13)  
1.08 &.03(11) 

29.7k3.3(13) 

0.001 

-- 

30-70 

80-230 
200-1000 

10-100 
0.6-1 - 6  

0-1 5 
< 1.2 
28-44 

0.7-1.2 

Numbers i n  pa ren theses  refer t o  number of  s u b j e c t s .  
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(See a l s o :  Ca rd iovascu la r  and R e s p i r a t o r y  Systems: P375) 

PAPER: 

P338( 8/86)* Ponomarenko VA. 
Stages in the development of the problem of f l i g h t  sa fe ty  i n  aviat ion 
m d i  ci ne. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
20 (3 ) :  12-19. 

Opera t iona l  Medicine , F l i g h t  S a f e t y  
Humans, A i r c r a f t  Crews 
T h e o r e t i c a l  D i scuss ion  

Abstract: I n  t h e  e a r l y  stage of f l i g h t  medicine,  the  au tho r  of t h i s  ve ry  
g e n e r a l  article argues ,  the g o a l  was to  a s s u r e  the p h y s i c a l  sa fe ty  of 
human beings i n  t h e  cab in  of the  f l i g h t  vehic le .  
subsequent ly  evolved and expanded and its contemporary goal is  t o  a s s u r e  
the high performance of the e n t i r e  system of which the human cren is a 
s i n g l e  component. 

The f i e l d  has  
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P330( 8/86 ) * Bokeriya LA, Sokolova N A ,  Konikova AS. 
The role of oxygen in resuscitation 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  

[4 r e f e r e n c e s ;  2 i n  Engl i sh]  
20(3):  80-81; 1986. 

Opera t iona l  Medicine,  Anoxia, Resusc i t a t ion  
Animals, (Unspec i f ied  
Oxygen, C h i l l i n g  

Abstract: T h i s  paper  p r e s e n t s  a very  b r i e f  review of  t h e  conc lus ions  of a 
series of expe r imen t s  s tudy ing  t h e  molecular  mechanisms invo lved  i n  t h e  
death due to anoxia ,  and c o n d i t i o n s  under which r e s u s c i t a t i o n  is poss ib le .  
The p o s s i b i l i t y  of an  a c c i d e n t  i n  space c a u s i n g  a c u t e  hypoxia or dea th  by 
anox ia  makes t h i s  r e l e v a n t  t o  space medicine. The a u t h o r s  c i t e  the 
f o l l o w i n g  conc lus ions  as be ing  der ived  from t h e i r  exper iments :  1. After 
death o c c u r s  the  p rocess  of  renewal  of biopolymers ,  (i.e., t h e  s y n t h e s i s  
and decomposi t ion  of  p r o t e i n s  and n u c l e i c  acids) ceases a b r u p t l y  i n  t h e  
o rgans  s t u d i e d  ( b r a i n ,  cardiac and skeletal muscles,  l i v e r ,  k idneys ,  
l ungs ,  s p l e e n ,  adrenal, thy ro id  and pancreas  g l ands ,  blood, b i l e  and 
u r ine ) .  2. Renewal of  biopolymers  ceased i n  a l l  t h e  s t u d i e s  of o rgans  and 
t i s s u e s ,  i n  c e l l u l a r  and s u b c e l l u l a r  s t r u c t u r e s  a t  an i n t e r v a l  r a n g i n g  
f rom 10 minutes  ( b r a i n ,  s p l e e n )  to  60 minutes  (panc reas )  after death 
occurred.  3. The ces sa ton  of the process  of p r o t e i n  renewal  may be caused 
by char.ges i n  t he  shape?? of t h e i r  molecules  a s s o c i a t e d  w i t h  t h e  loss o f  
b i o c a t a l y t i c  a c t i v i t y .  
s t r u c t u r a l  u n i t s  o c c u r s  over  a per iod o f  s e v e r a l  hours  after death. 4. A t  
a t empera tu re  of 36-38 OC, 10-15 a f t e r  death,  the processes observed  are 
v i r t u a l l y  i r r e v e r s i b l e .  None of  t h e  r e s u s c i t a t i o n  meaures appl ied a t  t h i s  
t empera tu re  l e v e l  restored l ife.  
2OoC, s t a r t i n g  less t h a n  10-15 minutes  after death from a c u t e  anoxia ,  and 
r ema ins  ch i l l ed  f o r  an  i n t e r v a l  which can be as l o n g  as 90 minutes ,  i t  is 
p o s s i b l e  to r e v e r s e  the molecular  changes o c c u r r i n g  a t  dea th ,  and a l s o  t h e  
p r o c e s s e s  of renewal  of  biopolymers. 
s a t u r a t i n g  the t i s s u e s  w i t h  oxygen (by means of p e r f u s i o n  of  c h i l l e d  
oxygenated blood). Seve ra l  hours  after r e s u s c i t a t i o n  began, t h e  molecu la r  
s t r u c t u r e  of  p r o t e i n s ,  as well as metabolic and p h y s i o l o g i c a l  f u n c t i o n i n g  
characteristic of l i v i n g  a n i m a l s  were re s to red .  

The degrada t ion  of b iopolymers  i n t o  the i r  

5. If t h e  body is r a p i d l y  c h i l l e d  t o  

T h i s  can be accomplished by 
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P316(8/86)* T i s h l e r  V A ,  Yeremin AV, S t e p a n t s o v  V I ,  Funtova 11. 
Evaluation of the physical work capacity of cosmonauts on t h e  " S a l y ~ t - 6 ~  
space s t a t i o n .  
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 

[5 r e f e r e n c e s ;  none i n  Eng l i sh ]  
20(3) :  31-35; 1986. 

Opera t iona l  Medicine; Human Performance,  P h y s i c a l  Work Capac i ty ,  Remote 
Measurement; Ca rd iovascu la r  and R e s p i r a t o r y  Systems, EKG 

Humans, Cosmonauts 
Space F l i g h t ,  nSalyut-6;w Countermeasures ,  P h y s i c a l  E x e r c i s e  

Abstract: This s tudy  measured E K G s  of the  3 wSalyut-6p1 crews d u r i n g  
gradated p h y s i c a l  e x e r c i s e  s e s s i o n s  on  a b i c y c l e  ergometer and treadmill. 
EKGs  were registered us ing  a p o r t a b l e  cassette tape recorder w i t h  a n t e r i o r  
Neba leads a t t a c h e d  t o  t h e  cosmonauts' b e l t s  which t r a n s m i t t e d  r e c o r d i n g s  
i n  t h e  form of  FM s i g n a l s  to  ground c o n t r o l  a l o n g  communicat ions channels .  
A v a l u e  of t h e  p h y s i c a l  l o s d i n g  accompanied each 28-second segment  of the  
EKG. Loading was described o r a l l y  and recorded and t r a n s m i t t e d  on t h e  
same record. Add i t iona l  e r g o m e t r i c  p a r a m e t e r s  were also recorded and 
t r a n s m i t t e d .  I n  s p i t e  of marked i n d i v i d u a l  d i f f e r e n c e s  i n  p a t t e r n ,  
r e c o r d i n g s  g e n e r a l l y  i n d i c a t e d  s a t i s f a c t o r y  a d a p t a t i o n  o f  p h y s i c a l  work 
c a p a c i t y  t o  we igh t l e s sness .  The a u t h o r s  i n t e r p r e t  t h i s  as c o r r o b o r a t i o n  of 
t h e  efficacy of the  program of p h y s i c a l  t r a i n i n g  procedures .  The 
r e c o r d i n g s  were also used t o  correct p h y s i c a l  l o a d i n g s  f o r  i n d i v i d u a l s  
demons t r a t ing  abnormal  r e a c t i o n s  t o  t h e  l o a d i n g s  selected. 

Tables: Table  1: Changes i n  heart rate d u r i n g  e x e r c i s e  on a b i c y c l e  
ergometer on day 84 for cosmonaut K-3-1 

Work ra te ,  Dura t ion ,  Heart rate Work rate,  Dura t ion ,  Heart ra te ,  
kg-m/min m i  n beat s /min  k g - d m i n  min beats /mi n 

850 
6 50 
950 
6 50 

1050 
6 50 
7 50 
850 
950 

Rest 
1050 
Rest 

1 
1 
3 
1 
4 
1 
3 
3 
1 
1 
3 
1 

126 
120 
138 
126 
144 
108 
120 
1 20 
138 
120 
144 
132 

1200 
1050 
Rest 

950 
Rest 

850 
7 50 

Recovery 

3 
3 
1 
3 
1 
3 
1 
1 
2 
3 
5 

150 
162 
126 
138 
120 
132 
126 
96 
80 
80 
90 
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Table 2: Changes i n  heart rate i n  cosmonaut K-3-1 d u r i n g  e x e r c i s e  on a 
b i c y c l e  ergometer on day 114 of space  f l i g h t  

Work rate, kg-dmin Duration, min H e a r t  rate, beatshin 

7 50 
Rest 
7 50 
6 50 
850 

Rest 
950 

Re cover  y 

120 
84 
120 
114 
138 
78 
168 
84 

Table  3: Combined data on work performed, work rate and heart rate d u r i n g  
p h y s i c a l  exercise on a b i cyc le  ergometer at va r ious  stages dur ing  f l i g h t  
of prime crew 4 

Cosmonaut IS-4- 1 C O ~ O ~ U t  K-4-2 
Time, Total work Mean work Maximu0 Total work Hean work Haximum 
days performed , rate, heart rate, performed, rate, heart rate 

kg-m kg-Wain beatshin kg-m kg-dmln beatshin 

42-45 19600 7 50 143 36400 1100 155 
70 21 200 7 30 165 39600 1050 170 
97 27 800 960 165 43000 1130 170 

134-135 26200 7 80 152 47000 1200 154 
174 27300 880 140 45000 1150 150 
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P324(8/86)* Neborskiy AT, Belkaniya  GS. 
Electrical conductivity of the skin i n  human8 and monkeys. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medi t s i n a .  

[13 references; 1 i n  Engl i sh]  
20 (3 ) :  61-68; 1986. 

Opera t iona l  Medicine,  Func t iona l  S t a t e ;  B i o l o g i c a l  Rhythms, Seasonal  

Humans, Men and Women, Sex D i f f e r e n c e s ;  Monkeys, Macaques and Rhesus, 

Sk in  Conduct iv i ty ,  Acupuncture Zones 

Rhythms; Reproduct ive Biology,  Menstrual  Cycle 

Species D i f f e r e n c e s  

Abstract: Human s u b j e c t s  p a r t i c i p a t i n g  i n  t h i s  experiment  were 46 h e a l t h y  
males and 53 h e a l t h y  women, aged 18-40. Skin c o n d u c t i v i t y  was measured by 
s t a n d a r d  techniques  i n  24 acupuncture  p o i n t s  on the  r igh t  and l e f t  
e x t r e m i t i e s .  Parameters recorded  inc luded  average  of a l l  p o i n t s ,  average  
f o r  upper and lower e x t r e m i t i e s ,  and f o r  l e f t  and r i g h t  sides. The 
d i f f e r e n c e  between the  maximum and minimum v a l u e s  for a l l  p o i n t s  was t aken  
as an i n d i c a t o r  of t h e  d i s t r i b u t i o n  of conduc t iv i ty .  Asymmetry was 
assessed by cons ide r ing  the  r a t i o s  of  upper t o  lower e x t r e m i t y  and l e f t  to  
r i g h t  s ide .  Sk in  c o n d u c t i v i t y  was measured e v e r y  month f o r  1 year .  For 
t he  women phase of  mens t rua l  c y c l e  was noted. Skin c o n d u c t i v i t y  was 
measured i n  nonanes the t i zed  hamydras baboons and r h e s u s  monkeys under the  
fo l lowing  c o n d i t i o n s :  w i th  arms r e s t r a i n e d  (22 monkeys) , under r e s t r a i n t  
i n  a prone p o s i t i o n  (25  monkeys), i n  a primate chair ( 8  monkeys), and i n  
an  immobil izat ion cage ( 9  monkeys). Seasonal  dynamics .of s k i n  c o n d u c t i v i t y  
was s t u d i e d  i n  baboons i n  t h e  immobi l iza t ion  cage and i n  r h e s u s  monkeys 
kept  cont inuous ly  i n  t h e  primate chair. The s t u d i e s  showed an a lmost  
to ta l  correspondence i n  t he  topography o f  t h e  s k i n  zones  w i t h  maximum 
electrical  r e s i s t a n c e  i n  humans and monkeys. Heal thy men and women showed 
l i t t l e  lateral  or t r a n s v e r s e  asymmetry i n  t h e  c o n d u c t i v i t y  p o i n t s  s t u d i e d ;  
however, i n  some i n d i v i d u a l s  there were c o n s i d e r a b l e  d i f f e r e n c e s  between 
t h e  p o i n t s  o f  maximum and minimum conduc t iv i ty .  Both s e x e s  showed 
cons ide rab le  seasona l  v a r i a t i o n  i n  c o n d u c t i v i t y .  For  males, minimum 
conduc t iv i ty  occurred  i n  t h e  w i n t e r  and maximum i n  t h e  summer, w i th  the  
d i f f e r e n c e  between average  c o n d u c t i v i t y  h i g h l y  s i g n i f i c a n t .  Women i n  t h e  
first phase of t h e i r  mens t rua l  c y c l e s  showed minimum s k i n  c o n d u c t i v i t y  i n  
t h e  f a l l  and maximum i n  the summer. I n  their second mens t rua l  phase,  the  
male p a t t e r n  of maxima and minima occur red ;  however, t h e  d i f f e r e n c e s  
between maximum and minimum v a l u e s  were less pronounced. Women tended t o  
show greater v a r i a b i l i t y  i n  maximum and minimum v a l u e s  and asymmetry 
than d i d  men. Despite g e n e r a l  s i m i l a r i t y  of s k i n  c o n d u c t i v i t y  p a t t e r n s ,  
t h e  d i f f e r e n c e s  between men and women were s u b s t a n t i a l .  Rhesus monkeys 
and baboons also showed similar, but n o t  i d e n t i c a l  s e a s o n a l  p r o f i l e s .  The 
d i f f e r e n c e s  between i n d i v i d u a l  maximum and minimum p o i n t s  were 
cons iderably  more pronounced f o r  monkeys than  f o r  humans, i.e, t he  
d i s t r i b u t i o n  of s k i n  c o n d u c t i v i t y  was less even for t h e  monkeys. The 
a u t h o r s  a s c r i b e  t h i s  t o  the stress producing  c o n d i t i o n s  of t h e  monkey 
experiment.  The a u t h o r s  recommend t h e  f u r t h e r  s tudy  of s k i n  c o n d u c t i v i t y  
as an  i n d i c a t o r  of g e n e r a l  f u n c t i o n a l  state, and conclude t h a t  t h e  
s i m i l a r i t y  of  c o n d u c t i v i t y  p r o f i l e s  i n  humans and monkeys s u g g e s t s  t h a t  
t h e  monkey is  an adequa te  model f o r  such  s t u d i e s .  

Table: Seasonal  changes i n  t h e  major parameters o f  s k i n  c o n d u c t i v i t y  
p r o f i l e s  i n  humans and monkeys 
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Figure  1: Anatomic/ topographic  correspondence of s k i n  acupuncture  zones  on 
X-rays of t h e  feet and hands i n  humans and monkeys 

F i g u r e  2: Skin  c o n d u c t i v i t y  p ro f i l e  i n  men and women i n  t h e  first and 
second phases of the mens t rua l  c y c l e  

F igu re  3 : S k i n  c o n d u c t i v i t y  p rof i les  i n  r h e s u s  macaques and hamyadras 
baboons i n  v a r i o u s  seasons  of the yea r  

F i g u r e  4: S k i n  c o n d u c t i v i t y  p ro f i l e s  i n  r h e s u s  macaques and hamyadras 
baboons under  v a r i o u s  r e s t r a i n t  cond i t ion  
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PSYCHOLOGY 
(See a l so :  Card iovascular  and R e s p i r a t o r y  Systems: P340, P331; Group 

Dynamics: P345; Human Performance: A l l  E n t r i e s ;  Immunology: P 3 l l ;  
Neurophysiology: P322, P335; Metabolism, P333, M89) 

PAPERS : 

P332( 8/86)* E l i a v a  VM, Urmancheyeva E. 
The effect of hypokinesia on performance of a [learned] food-obtaining 
response in monkeys. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 

[ 9  r e f e r e n c e s ;  1 i n  Eng l i sh ]  
20 (3 ) :  82-83; 1986. 

Psychology, Learned Response 
Primates, Rhesus 
Hypokinesia , Immobi l iza t ion  Stress 

Abstract: Subjects i n  t h i s  experiment  were 3 male r h e s u s  monkeys, aged 5-6 
years .  Before t he  beginning of  t h e  exper iment ,  s u b j e c t s  were t a u g h t  a food  
o b t a i n i n g  response  triggered by an a u d i t o r y  s i g n a l  ( c o n d i t i o n e d  r e f l e x ) .  
T h i s  response c o n s i s t e d  of pushing a l e v e r ,  running  a long  an u n s t a b l e  
p l a t f rom t o  t h e  food box, etc. Each s e s s i o n  involved  20 +second 
p r e s e n t a t i o n s  of t h e  a u d i t o r y  s t i m u l u s ,  w i t h  an  i n t e r s t i m u l u s  i n t e r v a l  o f  
30 seconds.  The experiment i t se l f  began when t h e  monkey c o r r e c t l y  
performed t h e  response  on 100% of t h e  trials i n  a ses s ion .  The l a t e n c y  o f  
t h e  response (time between s i g n a l  and pushing  t h e  l e v e r )  and motor r e a c t i o n  
time ( t ime between pushing t h e  lever and opening t h e  food box) were 
recorded .  In  the experiment proper ,  t h e  monkeys underwent hypokines ia  f o r  
30 days ;  t he  animal  was either conf ined  i n  an  immobi l iza t ion  cage, o r  
r e s t r a i n e d  i n  a s p e c i a l l y  des igned  chair ,  ei ther i n  v e r t i c a l  p o s i t i o n  o r  
r o t a t i n g  h o r i z o n t a l l y  (called c l i n o s t a t i c  hypokines ia ) .  The performance of 
the  l ea rned  response  was tested on days  10, 20 and 30 o f  the  hypokines ia ,  
and a l s o  on days  5 ,  11 and 15 af ter  t e r m i n a t i o n  of  c l i n o s t a t i c  hypokines ia .  
Keeping t h e  an imals  i n  an  immobi l iza t ion  cage d i d  no t  affect  the  
performance of the  response ,  a l though  there were some s p o r a d i c  changes i n  
t h e  temporal parameters. Similar results were ob ta ined  when t h e  monkeys 
were k e p t  i n  t h e  primate chair i n  v e r t i c a l  pos i t i on .  C l i n o s t a t i c  
hypokinesia  l e d  t o  s u b s t a n t i a l  changes i n  performance. Although the monkeys 
responded emot iona l ly  t o  the  s i g n a l ,  performance of  the i n s t r u m e n t a l  
response  was s h a r p l y  impaired.  One of the monkeys made no attempt t o  
perform t h e  response  throughout  the exper iment ,  and the o t h e r s  o n l y  r a r e l y  
performed the  e n t i r e  cha in  o f  a c t i o n s .  L a t e n c i e s  and r e a c t i o n  times were 
h ighe r  for these re sponses  than  b a s e l i n e .  During r e a d a p t i o n  t o  normal 
a c t i v i t y ,  performance of t he  l e a r n e d  r e sponse  was g r a d u a l l y  r e s t o r e d .  The 
a u t h o r s  suggest t ha t  the expe r imen ta l  r e s u l t s  show t h a t  growing emot iona l  
stress and changes i n  t h e  a f f e r e n t  f lows  l ed  t o  a s u b s t a n t i a l  d e p r e s s i o n  of 
the  t h e  c e n t r a l  nervous system. 

F igu res :  F igure  1: Effects of l i m i t e d  motor a c t i v i t y  on monkeys' 
performance o f  a l e a r n e d  food-obta in ing  r e s p o n s e  

F igu re  2:  Effects of c l i n o s t a t i c  hypok ines i a  on monkeys' performance o f  a 
l e a r n e d  f ood-o b t a i n i n g  res ponse 
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P346(8/86) Antonenko SG, Sanina  OL, Chebotarev YeYe. 
The role of c y c l i c  nucleotides and l i p i d s  i n  creating the radioprotective 
effect of ceruloplasmin 
Radio b io log iya .  

[13 r e f e r e n c e s ;  5 i n  Eng l i sh ]  
A f f i l i a t i o n :  R.Ye. Kavetsk iy  I n s t i t u t e  for  the  Problems of Oncology, Ukra in i an  
Academy of Sc iences ,  Kiev 

XXVI(1): 112-115; 1986. 

Radiobiology,  L i v e r ;  Metabolism, L i p i d s ,  CAMP, cGMP 
Rats 
R a d i o p r o t e c t i v e  Agents, Ceruloplasmin,  Human 

Abstract: I n  this exper iment  ou tb red  w h i t e  rats, weighing  150-1 80 g., were 
irradiated w i t h  a a s u b l e t h a l  (6.24 Cy) and l e t h a l  (7.2 Gy) dose of X- 
rays, a t  a dose rate of 0.55 Gy/min. Human c e r u l o p l a s m i n  was a d m i n i s t e r e d  
t o  some rats 1 hour before i r r a d i a t i o n  i n  a dose of 10 mg/kg. S u b j e c t s  were 
sacrificed 1,  3 or  7 days  after t h e  development of r a d i a t i o n  s i ckness .  The 
c o n c e n t r a t i o n s  of cAMP and cGMP i n  the  l i v e r s  of t h e  rats were de te rmined  
on t h e  first day after i r r a d i a t i o n  using radiochemical methods. 
R a d i o a c t i v i t y  was measured and phosphol ip ids ,  p r o t e i n  and cholesterol 
c o n c e n t r a t i o n s  were determined.  I r r a d i a t i o n  was associated w i t h  
s i g n i f i c a n t  i n c r e a s e s  i n  cAMP and cGMP l e v e l s  i n  the  l i v e r s ,  by a factor of 
1.8 and 2.4 r e s p e c t i v e l y  for  t h e  s u b l e t h a l  (LD 1 dose. I r r a d i a t i o n  t h u s  
decreased t h e  cAMP/cGMP r a t i o  by a f a c t o r  of  7.3. A d m i n i s t r a t i o n  of 
c e r u l o p l a s m i n  l ed  to cAMP and cGMP l eve ls  1.4 and 1.5 times those of 
u n t r e a t e d  a n i m a l s  and cAMP/cGMP r a t i o  approached normal. The effect of 
a d m i n i s t e r i n g  c e r u l o p l a s m i n  t o  i r r a d i a t e d  a n i m a l s  was s i g n i f i c a n t  o n l y  f o r  
cGMP. A d m i n i s t r a t i o n  of human ce ru lop la smin  t o  irradiated rats also 
i n c r e a s e d  the c o n c e n t r a t i o n  o f  endogenous c e r u l o p l a s m i n  compared to  
irradiated a n i m a l s  no t  r e c e i v i n g  t h i s  g l o b u l i n  A l e t h a l  dose  of r a d i a t i o n  
i n c r e a s e d  c o n c e n t r a t i o n  of cAMP i n  the  l i v e r  by a factor of 1.8, and of 
cGMP by a factor of 2.8; t h e  r a t i o  of t h e  former t o  t h e  l a t te r  decreased by 
a factor of 1.4 compared t o  base l ine .  While ce rop la smin  decreased these 
l e v e l s ,  t h e y  still were s i g n i f i c a n t l y  above those of animals n o t  
irradiated. 
of animals r e c e i v i n g  a le thal  dose of X-rays. Effects of t h e  e x p e r i m e n t a l  
t r e a t m e n t s  on l e v e l s  of phospho l ip ids  and c h o l e s t e r o l  i n  t h e  l i v e r  are 
shown i n  the table below. The a u t h o r s  conclude  t h a t  s u b l e t h a l  and le tha l  
i r r a d i a t i o n  leads to  s i g n i f i c a n t  changes i n  t he  c o n c e n t r a t i o n  o f  l i p i d s  i n  
t h e  l i v e r s  of rats. The changes noted i n  t h e  c o n c e n t r a t i o n  of cAMP a t  
v a r i o u s  periods after i r r a d i a t i o n  are correlated w i t h  decreases i n  
phosphol ip ids ,  s u g g e s t i n g  mediated r e g u l a t i o n  of l i p i d  metabolism. The 
a d m i n i s t r a t i o n  of exogenous ce ru lop la smin  t o  some e x t e n t  p r e v e n t s  
a l t e r a t i o n s  i n  the  c o n c e n t r a t i o n  of cyclic n u c e l o t i d e s  and l i p i d s  i n  t h e  
l i v e r s  of irradiated rats, as i n d i c a t e d  by t h e  n o r m a l i z a t i o n  of cAMP/cGMP 
and cholesterol/phospholipid ratios. These r e s u l t s  s u g g e s t  t ha t  cyc l ic  
n u c l e o t i d e s  and l i p i d s  par t ic ipa te  i n  the compensatory mechanism invo lved  
i n  the r a d i o p r o t e c t i v e  effect of ceruloplasmin.  

A d m i n i s t r a t i o n  of this g l o b u l i n  d i d  n o t  affect cAMP/cGMP r a t i o  
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P346 

Table: The effect of ce ru lop la smin  on l i p i d  c o n c e n t r a t i o n  i n  t he  l i v e r  or rats 
irradiated w i t h  X-rays a t  doses o f  6.24 and 7.2 Gy 

Control Irradiated A n i m a l s  
Animals Days after Irradiation Without Ceruloplasmin With Ceruloplasmin 

Phospholipids, ug per mg protein, 6.24 Gy 
7.1 3 4.7* 

7 4.6 
Cholesterol, ug per mg protein, 6.24 Gy 

28.2 3 45.6* 
7 45.7, 

Molar ratio of cholesterol/phospholipids, 6.24 Gy 
0 e 3  3 0.81 

7 0.84 

7.1 1 3.8% 

28.2 1 45.6% 

0.33 1 0.68 

Phospholipids, ug per m g  protein, 7.2 Gy 

Cholesterol, ug per mg protein, 7.2 Gy 

Molar ratio of cholesterol/phospholipds, 7.2 Gy 

4.4 
6.4** 

49.2 
28.7" 

0.87 
0.37 

5.3** 

18.8** 

0.29 

* differs from c o n t r o l ,  p < 0.05 
** di f fe rs  from i r rad ia ted ,  p < 0.05 

F i g u r e s :  F igure  1 : The effect  of human ce ru lop la smin  on t h e  
c o n c e n t r a t i o n  o f  CAMP and cGMP i n  t h e  l i v e r s  of rats on day 1 af ter  
i r r a d i a t i o n  

F i g u r e  2: Changes i n  t h e  v a l u e  of  t h e  cAMP/cGMP ra t ios  on day 1 af ter  
i r r a d i a t i o n ,  w i t h  and wi thou t  a d m i n i s t r a t i o n  of ce ru lop la smin  
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P356(8/86) Gabi tov  VKh, Pukhov VV, Grishukova OV. 
[Quantitative description of] radiation damage to the  i n t e s t i n e ,  bone 
marrow and lymphoid t i s s u e  of rats induced by prolonged irradiat ion with 
gamma rays after prophylactic administration of ATP. 
Zdravookhraneniye Kirgizii.  

[No r e f e r e n c e s ]  
A f f i l i a t i o n :  Department of Opera t iona l  Su rge ry  and Topographic Anatomy, 
C e n t r a l  S c i e n t i f i c  Research Laboratory,  Kighiz State Medical I n s t i t u t e  

1986(2) :  34-37. 

Radiobiology,  Rad ia t ion  Damage ; G a s t r o i n t e s t i n a l  System, Small I n  t es t  i n e  ; 
Hematology, Bone Marrow, Lymph Tissue  

Rats 
Gamma I r r a d i a t i o n ;  Countermeasures,  ATP 

Abstract: ATP has been found t o  have a r a d i o p r o t e c t i v e  e f f e c t  w i t h  low 
doses  of r a d i a t i o n .  The p resen t  s tudy was des igned  t o  i n v e s t i g a t e  whether 
r a d i a t i o n  damage t o  i n t e s t i n e s ,  bone marrow and lymphoid t i s s u e  i s  l e s s e n e d  
by a d m i n i s t e r i n g  ATP b e f o r e  i r r a d i a t i o n .  S u b j e c t s  of t h e  experiment were 
114 w h i t e  rats weighing 100-150 g. ATP i n  a dosage o f  350mg/kg was 
admin i s t e red  i n t r a m u s c u l a r l y  20 minutes be fo re  t o t a l  body rolonged 
i r r a d i a t i o n  wi th  gamma rays i n  a dosage o f  9 Cy ( s o u r c e  Cs1;37; dose rate 
0.5 Gy/hr). Cont ro l  rats rece ived  a placebo i n j e c t i o n  o f  s a l i n e  s o l u t i o n  
and i d e n t i c a l  i r r a d i a t i o n  t rea tment .  Rats i n  both groups were sacrificed 
on days  3,  7 ,  1 5  and 30 after i r r a d i a t i o n .  Specimens o f  t h e  small 
i n t e s t i n e  were removed f o r  morphological examinat ion.  The number o f  
r e g e n e r a t i n g  i n t e s t i n a l  g l ands ,  m i t o s i t i c  a c t i v i t y  i n  t h e  ce l l s  o f  t h e  
i n t e s t i n a l  e p i t h e l i u m ,  and t h e  relative p r o p o r t i o n  of  goblet-shaped ce l l s  
among the ce l l s  o f  the ep i the l ium and v i l l i  were recorded.  The ce l l  
d e n s i t y  i n  the thymus, s p l e e n  and bone marrow was measured, a long  w i t h  
c o n c e n t r a t i o n s  o f  hemoglobin and blood cells .  The a d m i n i s t r a t i o n  o f  t h e  
p re l imina ry  dose of  ATP d i d  no t  m a t e r i a l l y  alter r a d i a t i o n  damage to  the 
i n t e s t i n e  (duodenal ,  jejunum or i leum);  however a t  c e r t a i n  time i n t e r v a l s ,  
ATP was a s s o c i a t e d  w i t h  diminished effects of  r a d i a t i o n  on r e g e n e r a t i n g  
ce l l s  and m i t o t i c  a c t i v i t y .  
marrow, blood,  thymus and s p l e e n  cells. 

No c l e a r  p r o t e c t i v e  effects were found on bone 

Tables: Table 1 :  Number of r egene ra t ing  e p i t h e l i a l  ce l l s  o f  the small 
i n t e s t i n e  a t  v a r i o u s  i n t e r v a l s  after i r r a d i a t i o n  w i t h  gamma r a y s  

Tab le  2: Effects o f  p re l imina ry  a d m i n i s t r a t i o n  of  ATP on m i t o t i c  a c t i v i t y  
o f  v a r i o u s  p o r t i o n s  of t h e  small i n t e s t i n e  of rats after prolonged 
i r r a d i a t i o n  wi th  gamma rays 

Table 3: The effect of p r o p h y l a c t i c  a d m i n i s t r a t i o n  o f  ATP on change i n  
v a r i o u s  parameters of hemopoiet ic  and lymphoid t i s s u e  after prolonged 
i r r a d i a t i o n  wi th  gamma r a y s  
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P357(8/86) Eydus LKh, Veksler AM, Korystov YuN, Kublik LN, Levitman MKh. 
On the  e f f e c t s  of post-irradiation hypoxia on potential  cell damage. 
Radio b io logiya .  

C7 r e f e r e n c e s ;  2 i n  Eng l i sh ]  
A f f i l i a t i o n :  I n s t i t u t e  o f  B i o l o g i c a l  Phys ics ,  Pushchino, USSR Academy of 
S c i e n c e s  

X X V I (  2) : 243-247; 1986 

Radiobiology, Cell Damage 
Microbiology, Prokaryotes  ; Cy t o l o g y  , Eukaryotes  
Hypoxia, P o s t i r r a d i a t i o n  

A b s t r a c t :  T h i s  s t u d y  i n v e s t i g a t e d  t he  p o s s i b i l i t y  o f  i n c r e a s i n g  t h e  
r ep roduc t ive  death o f  ce l l s  after a s i n g l e  exposure t o  r a d i a t i o n  by 
subsequent ly  i n c u b a t i n g  t h e  cel ls  i n  a hypoxic medium. The method used 
d i s t i n g u i s h e d  between t h e  i n h i b i t i n g  effects of  p o s t - i r r a d i a t i o n  hypoxia 
on repair of r a d i a t i o n  damage and on r e a l i z a t i o n  of t h a t  p o t e n t i a l  ce l l  
damage. Three types  of cel ls  were used: ce l l  c u l t u r e s  from Chinese 
hamsters, b a c t e r i a ,  and a s o l i d  form of E h r l i c h ' s  
adenocarcinoma. F igu re  1 (q.v.1 shows t h e  effects of hypoxia o c c u r r i n g  a t  
v a r y i n g  i n t e r v a l s  af ter  i r r a d i a t i o n  on t h e  s u r v i v a l  rate of Chinese 
hamster cells  as r evea led  by t h e i r  colony forming capac i ty .  It is clear 
t h a t  hypoxia o c c u r r i n g  immediately af ter  i r r a d i a t i o n  decreases t h e  pos t -  
i r r a d i a t i o n  s u r v i v a l  rate by a f a c t o r  o f  4 - 5. As t he  time i n t e r v a l  
between i r r a d i a t i o n  and hypoxia i n c r e a s e s  , s u r v i v a l  rate a l s o  i n c r e a s e s  
(due t o  repair) approaching  t h a t  of  cel la  incuba ted  i n  a i r  after 
i r r a d i a t i o n .  The dec rease  i n  s u r v i v a l  a t t r i b u t a b l e  t o  immediate post-  
i r r a d i a t i o n  hypoxia demonst ra tes  t h a t  the i n h i b i t o r y  effect o f  hypoxia i s  
not  confined t o  a temporary d e l a y  i n  recovery .  This i s  f u r t h e r  confirmed 
by t h e  e f f e c t s  of  l e n g t h  of exposure  t o  hypoxia on ce l l  death. R e s u l t s  o f  
exposure  t o  hypoxia a t  v a r i o u s  i n t e r v a l s  a f te r  gamma i r r a d i a t i o n  are 
comple te ly  analogous when the  expe r imen ta l  cel ls  are those o f  & 
bacteria, (i.e. t h e  maximum effect o c c u r s  when hypoxia f o l l o w s  d i r e c t l y  
a f te r  i r r a d i a t i o n ) .  The a u t h o r s  conclude tha t  sho r t - t e rm (1-1.5 hr . )  
hypoxia ,  by d e p r e s s i n g  r e p a i r ,  f ac i l i t a t e s  t h e  c e l l u l a r  p o t e n t i a l  damage 
i n  i r rad ia ted  pro- and e u k a r y o t i c  cells .  
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F i g u r e  1 : Surv iva l  rate of f i b r o b l a s t s  from Chinese hamsters r e c e i v i n g  
gamma r a d i a t i o n  i n  a i r  a t  a dose of 8 Cy ( i n  a monolayer i n  the  l o g a r i t h m i c  
phase of cul ture  growth)  as a f u n c t i o n  o f  time i n t e r v a l  between i r r a d i a t i o n  
and replacement  of i r r a d i a t i o n  medium wi th  an anox ic  medium for  1.5 hrs .  
Abscissa:  time i n t e r v a l ;  Ordina te :  s u r v i v a l  rate. 
F i g u r e  2:  Surv iva l  rate of Chinese hamster f i b r o b l a s t s ,  exposed to gamma- 
i r r a d i a t i o n  i n  hypoxia a t  dose of 22 Gy as a f u n c t i o n  o f  d u r a t i o n  o f  pos t -  
r a d i a t i o n  incuba t ion  i n  hypoxia.  Abscissa: hypoxia d u r a t i o n ;  o r d i n a t e :  
s u r v i v a l  r a t e  
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P358 Zhavoronkov LP, Sklobovskaya I E ,  S t r e l k o v  RB, Chizhov AYa.  
Modification of radiation damage to hemopoiesis in rats by means of a 
hypoxic gas mixture. 
Radiobiologiya.  

[ 11 r e f e r e n c e s ;  none i n  Eng l i sh ]  
A f f i l i a t i o n :  S c i e n t i f i c  Research I n s t i t u t e  f o r  Medical Radiology, USSR 
Academy of  Medicine,  Obninsk 

X X V I ( 2 ) :  241-243. 

Hematology, Hemopoiesis 
Rats 
Radiobiology,  Rad ia t ion  Damage; Countermeasures,  Hypoxic Medium 

Abstract: A t o t a l  o f  215 male Wistar rats,  weighing 200-250 g, served  as 
s u b j e c t s  i n  t h i s  experiment .  Oxygen p a r t i a l  p r e s s u r e  i n  t he  s p l e e n s  o f  
heal thy  an imals  was measured po la rograph ica l ly .  
expe r imen ta l  g roups  were irradiated wi th  gamma r a y s  a t  a dose of  5.5-10.00 
Gy and a dose rate o f  0.0092 Gy/sec. Experimental  an ima l s  were a l s o  
exposed t o  t he  hypoxic  mixture  ( c o n t a i n i n g  10% oxygen, 90% n i t r o g e n )  
s t a r t i n g  3-4 minutes  b e f o r e  t h e  beginning o f  i r r a d i a t i o n  and t e r m i n a t i n g  
wi th  i r r a d i a t i o n ,  The c r i t e r i o n  for a s s e s s i n g  the  r a d i o p r o t e c t i v e  effect  
of  this mixture  was 30 day s u r v i v a l  r a t e ,  morphology of p e r i p h e r a l  blood 
i n  the  30-day pe r iod  f o l l o w i n g  i r r a d i a t i o n ,  and well as c e l l u l a r  d e n s i t y  i n  
t h e  bone marrow of  t h e  leg 3 days  after i r r a d i a t i o n .  The hypoxic gas 
mix tu re  faci l i ta ted s u r v i v a l  o f  t h e  irradiated animals  a t  a l l  dose  l e v e l s  
used. The mixtupe decreased pos t - r ad ia t ion  pancytopenia  i n  per ipheral  blood 
d u r i n g  t h e  peak l e v e l s  of r a d i a t i o n  s ickness .  Cell d e n s i t y  i n  per ipheral  
blood recovered  more r a p i d l y  i n  t h e  r a t s  p r o t e c t e d  by the gas mixture ,  and 
was e s s e n t i a l l y  complete by 30 days  after exposure.  On day 3 after 
i r r a d i a t i o n  ( t h e  pe r iod  of  maximum marrow d e p l e t i o n ) ,  the number of n u c l e i  
c o n t a i n i n g  cel ls  i n  t he  bone marrow of the p r o t e c t e d  animals s i g n i f i c a n t l y  
exceeded t h a t  of the irradiated c o n t r o l s  a t  2 of the  3 dose  l e v e l s .  The 
a u t h o r s  conclude t h a t  t h e  g iven  hypoxic mix tu re ,  by c r e a t i n g  hypoxia i n  t he  
hemopoiet ic  organs ,  has  a r a d i o p o r t e c t i v e  effect on t h e  hemopoiet ic  system. 
The r e s u l t a n t  weakening of t h e  bone marrow r a d i a t i o n  syndrome leads t o  an  
i n c r e a s e  i n  s u r v i v a l  rate. 

Both c o n t r o l  and 

Table 1 : S u r v i v a l  rate of rats p ro tec t ed  by a hypoxic (10% oxygen) gas 
medium 

Radiation dose, Cy 30 Day Survival Rate, $ 
Control Eyporic Xlxture 

7 e 0  
8.5 

10 .o 

65.0 
37.5 
0 

89 

go .o 
75 .O 
32.5 
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P359( 8/86) Belyayev, IYa, Semakin AB, Gr igorova  NV, Akif 'yev AP. 
Cytogenetic analysis of the  mechanisms underlying radiat ion induced 
chromosome aberrations i n  cells. Reproduction of 
aberrations induced by exposure to gamma-quanta, FUdR or their combination 
during the G2 stage of the second nuclear cycle. 
Radio b io log i  ya. 

Cl3 re fe rences ;  10 i n  Eng l i sh ]  
A f f i l i a t i o n :  Moscow I n s t i t u t e  of Engineer ing  Phys ic s ;  I n s t i t u t e  of  
Chemical Physics ,  USSR Academy o f  Sc iences ,  Floscow. 

X X V I (  2 ) :  175-179; 1986. 

Gene t i c s  , Chromosome Aber ra t ions ;  Cytology 

Radiobiolotiy , Gamma-quanta , FUdR 
Botany, CreDig capillarl 'S 

Abstract: I n  t h i s  experiment  s p r o u t i n g  seeds of  C r e D i s  ' were 
i r rad ia ted  w i t h  6oCo gamma quan ta  (dose  4 Gy, dose rate=n) 29 
hours  a f t e r  moistening.  Most of  t he  seeds had been p laced  on a f i l t e r  
con ta in ing  a s o l u t i o n  o f  FUdR (5- f luor ine-2-deoxyur id ine)  , an i n h i b i t o r  o f  
DNA s y n t h e s i s ,  and c o l c h i c i n e  25 minutes  be fo re  i r r a d i a t i o n .  Some s p r o u t s  
were f ixed  and analyzed c y t o g e n e t i c a l l y  f o r  chromosome a b e r r a t i o n s  3 hours  
after i r r a d i a t i o n ,  while they  were i n  t h e  G2 stage of  t h e  first K-mitosis.  
Others  were removed from t h e  c o l c h i c i n e  and allowed t o  reach t h e  G1 phase 
o f  t h e  second n u c l e a r  cyc le .  These cel ls  were e i the r  incuba ted  i n  
thymidine u n t i l  f i x a t i o n  49 hours  l a te r  o r  were incuba ted  f o r  4 hours  i n  
water o r  FUdR and t h e n  i n  thymidine f o r  45 hours.  Co lch ic ine  was added 
4.5 hours  before  t h i s  f i x a t i o n .  Concen t r a t ions  o f  FUdR, thymidine and 
c o l c h i c i n e  were 10 u g / d ,  5 ug/rcl and 100 u.g/ml r e s p e c t i v e l y .  Aber ra t ions  
were examined du r ing  t h e  metaphase. R e s u l t s  are p resen ted  i n  Tables  1 and 
2.  The incomplete chromatid exchanges induced by gamma i r r a d i a t i o n  d u r i n g  
t h e  G2 phase i n  the p l a n t  meristem, become complete i n  t h e  second n u c l e a r  
cyc le .  The a d d i t i o n  o f  FUdR d u r i n g  i r r a d i a t i o n  causes e l i m i n a t e s  t h e  
exchange a b e r r a t i o n s .  However, du r ing  the second n u c l e a r  phase,  
chromosome exchanges do occur  even when FUdR has been added. Breaks 
induced by t he  i n t r o d u c t i o n  of FUdR i n  t h e  G2 phase no l o n g e r  occur  i n  t h e  
next  nuc lear  cycle .  

Table 1 .  Cytogenet ic  effects i r r a d i a t i o n  and FUdR on ce l l s  undergoing t h e  
first m i t o s i s  after exposure  

Cells exposed Diploid Number of aberrations per 100 cells 
i n  G2 phase to: metaphases Upd Up Ud Asymetric chromatid Total 

analyzed translocations btwn: Chromatid 
homologs nonhomologs Exchanges 

Gamma-quanta 11 99 2.17 1.08 1.83 0.83 4.08 12.18 

Gamma- quanta 441 -- 0.26 -- -- 0.45 0.68 
and FUdR 
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Table 1 con t inued  

C e l l s  exposed Nu 
i n  G2 phase to: 

Gamma-quanta 1.17 

Gamma-quanta 4.31 
and FUdR 

FUdR 3.22 

Con t ro l  -- 

n u c l e a r  phase 

Dele t ions  

5.25 3.36 

Chromatid Gaps Isogaps 

0.19 

0.43 29.65 3.78 

0.13 24.76 1.58 

-- 0.28 0.09 

Table 2. Reproduct ion of a b e r r a t i o n s  induced i n  t h e  G2 phase i n  t h e  second 

C e l l s  exposed i n  Te t r ap lo id  
G phase of  the metaphases 
ffrst and GI phase analyzed 
of the second 
nuc lea r  cycle to: 

Gamma quan ta  i n  G 61 1 
Gamma quan ta  & FUgR 629 

Gamma quan ta  i n  G 
i n  G2  

FUdR i n  G2 & G l i  770 

FUdR i n  G2 & G l *  203 
C o n t r o l  1091 

FUdR i n  G2 549 

Table 2 con t inued  

C e l l s  exposed i n  Chromosome 
G phase of t h e  d e l e t i o n s  
drst and G, phase 
of t h e  second 
nuc lea r  cycle to: 

G a m m a  quan ta  i n  G 2.95 
Gamma quan ta  & FU ii R 4.29 

i n  G2 * 
FUdR i n  G2  & Gig* 4.03 

FUdR i n  G2 & G1** 2.96 
C o n t r o l  0.18 

G a m m a  quan ta  i n  G 

FUdR i n  G2 0.73 

Dicent r ic i sm Total 

homologs nonhomologs Exchanges 
be tween : Chromosome 

6.06 2.95 11.13 
5.25 3 034 10-33  

5.32 3.64 11.04 

Isogaps Chromatid 
d e l e t i o n s  
& Gaps 

0.98 0.65 -- 0.48 

1.27 1.30 
1.64 2.91 -- 2.46 
0.64 1.19 

0.18 
0.99 
o . ia?  

Chramatid 
exchanges 

0.16 
1.43 

*, ** - two rows of each table have same l abe l ,  probably a misp r in t .  
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P360( 8/86) Belyayev, IYa, Semakin AB, Gr igorova  NV, Akifyev AP. 
Cytogenetic analys is  of the mechanisms underlying radiation induced 
chromosome aberrations in CreDis- cells. Combined effects of 
gamma radiation and POdR i n  the G2 phase. 
Radio biologiya.  

[5  r e f e r e n c e s ;  1 i n  Eng l i sh ]  
A f f i l i a t i o n :  Moscow I n s t i t u t e  of  Engineer ing  Phys ic s ;  I n s t i t u t e  o f  
Chemical Physics ,  USSR Academy o f  Sc iences ,  Moscow. 

XXVI(2): 160-184; 1986. 

Gene t i c s ,  Chromosome Aber ra t ions ;  Cytology 
Eotany,  Q~,Q.& U a r i q  
Radiobiology, Gamma i r r a d i a t i o n ,  FUdR 

Abstract: C r e D i g  seeds were moistened and i r rad ia ted  as 
described i n  t h e  previous  abstract. T h i r t y  minutes  be fo re  i r r a d i a t i o n  t h e  
s p r o u t i n g  seeds were placed on a f i l t e r  c o n t a i n i n g  e i ther  c o l c h i c i n e  or  
c o l c h i c i n e  and FUdR (5- f luor ine-2-deoxyur id ine)  (10 ug/ml).  Exposure t o  
these s o l u t i o n s  cont inued u n t i l  f i x a t i o n .  The effects o f  FUdR were 
countered  w i t h  thymidine. The s p r o u t s  were f i x e d  1,  2 ,  3 ,  4 o r  5 hours  
after i r r a d i a t i o n  and a b e r r a t i o n s  were recorded  i n  t h e  metaphase.  The 
f requency  o f  incomplete  exchanges w i t h i n  t h e  range  of r ad ia t ion - induced  
exchange a b e r r a t i o n s  decreased  as a direct  f u n c t i o n  of time between 
i r r a d i a t i o n  and m i t o s i s .  FUdR b locks  t h e  fo rma t ion  of  rad ia t ion- induced  
exchanges but does not  i n c r e a s e  t h e  number of  breaks.  Addi t ion  o f  
thymidine r e s t o r e s  exchange a b e r r a t i o n s  t o  t h e  previous  l e v e l .  

F igu re :  Incomplete exchanges as a f u n c t i o n  of  i n t e r v a l  between i r r a d i a t i o n  
and mi tos i s .  

Table: Range of chromosome a b e r r a t i o n s  induced by gamma quanta  and FUdR 

C -a- 



RADIOBIOLOGY 

BOOK REVIEWS: 

BR8( 8/86) Kuzin AM, Kolomiytseva I K .  
Review o f :  Doskina GA. 
Endokrinnyye i me t a b o l i c h e s k i  ye aspe k t y  luchevoy bo1 ez ny . 
[Endocrine and metabolic aspects of radiation sickness]. 
Tomsk: Tomsk U n i v e r s t i y ;  1984 ; 221 pages. 
Radio b io logiya .  
XXVI(2): 283; 1986. 

Key Words: Radiobiology,  Endocrinology, Metabolism 

The problem of t h e  endoc r ine  and corresponding metabol ic  d i s o r d e r s  i n  an  
i r r a d i a t e d  organism is of  great i n t e r e s t  t o  r a d i o b i o l o g i s t s .  For this 
reason ,  the p u b l i c a t i o n  of one of the few monographs on this t o p i c ,  
devoted mainly t o  t h e  effects o f  i o n i z i n g  r a d i a t i o n  on t h e  p i t u i t a r y -  
a d r e n a l  system, t h e  i n s u l i n  producing appa ra tus  and t h e  major metabol ic  
p rocesses  c o n t r o l l e d  by t h e  endocr ine  system is p a r t i c u l a r l y  appos i t e .  
T h i s  book c o n t a i n s  i n t e r e s t i n g  f a c t u a l  i n fo rma t ion  on t h e  f u n c t i o n  of t h e  
p i t u i t a r y - a d r e n a l  system and i n s u l i n  producing a p p a r a t u s  i n  irradiated 
organisms,  the metabolism of  c o r t i c o i d s ,  t h e  r o l e  of g l u c o c o r t i c o i d s  and 
i n s u l i n  i n  p o s t r a d i a t i o n  p r o t e i n  metabol ism d i s o r d e r s ,  and o t h e r  me tabo l i c  
effects. 

A l a r g e  p o r t i o n  o f  t he  monograph is concerned w i t h  t h e  a n a l y s i s  o f  t h e  
a u t h o r ' s  own expe r imen ta l  data,  which is p resen ted  i n  a l l  s e c t i o n s  of  t h e  
book and helps  t h e  au tho r  formula te  a d i s t i n c t i v e  po in t  of view on the  
i s s u e s  d iscussed .  The au tho r  ana lyzes  a wide range  of r a d i a t i o n  and 
hormonal effects a t  t h e  organismic,  c e l l u l a r  and membrane l e v e l s ;  she then  
draws conc lus ions  about  t h e  n a t u r e  of endocr ine  d i s o r d e r s ,  c o n s i s t i n g  o f  
t h e  suppres s ion  of i n s u l i n  product ion  and the a c t i v a t i o n  o f  t h e  p i t u i t a r y -  
a d r e n a l  system, and about  t he  r o l e  of these d i s o r d e r s  i n  t he  pa thogenes i s  
of r a d i a t i o n  s i c k n e s s .  A g r e a t  deal of a t t e n t i o n  is devoted t o  t h e  
a n a l y s i s  of t h e  effects of countermeasures  which normalize these hormonal- 
me tabo l i c  d i s o r d e r s ,  p a r t i c u l a r l y  taur ine .  It i s  noteworthy t h a t  t h e  
a u t h o r ' s  basic research has a clear p r a c t i c a l  g o a l  -- t h e  t r ea tmen t  of  
r a d i a t i o n  s i ckness .  

This book is of c l e a r  v a l u e  and i n t e r e s t  f o r  r a d i o b i o l o g i s t s ,  
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BRg(8/86) Gaziyev A I .  
Review of: Khanson KP, Komar V Y e .  
Molekulyarnyye mekhanismy r a d i a t s i o n n o y  g i b e l i  k l e t o k  
[Molecular mechanisms of cel l  death induced by radiation] 
Moscow: Energoatomizdat;  1985; 152 pages. 
Radiobi  ologiya.  
XXVI(2): 283-284; 1986. 

NB: T h i s  book was abstracted i n  Diges t  I s s u e  15 as M60. 

Key Words: Radiobiology,  Cell Death,  Cytology, G e n e t i c s  

The book under review combines data on the  molecu la r  mechanisms of t h e  two 
major types of p o s t - r a d i a t i o n  ce l l  d e a t h  -- r e p r o d u c t i v e  and i n t e r p h a s e .  
This t o p i c  is r e l e v a n t  t o  one of the  most u r g e n t  problems i n  contemporary 
r ad iob io logy ,  t h e  d i a g n o s i s  and t r e a t m e n t  of  r a d i a t i o n  damage, and t h e  
development of a s c i e n t i f i c  basis f o r  r a d i a t i o n  the rapy  for malignant  
tumors. 

The book c o n s i s t s  o f  n i n e  chapters. The first chapter c o n s i d e r s  t h e  
g e n e r a l  b i o l o g i c a l  p r i n c i p l e s  of c e l l  d e a t h ,  w i t h  t he  d i f f e r e n c e  i n  t h e  
two t y p e s  d i scussed  i n  de t a i l .  The c o n t r i b u t i o n  made by t h e  d i f f e r e n t  
t y p e s  o f  c e l l  d e a t h  t o  r ad ia t ion - induced  c e l l  damage i s  e v a l u a t e d .  The 
nex t  f o u r  c h a p t e r s  are devoted t o  r e p r o d u c t i v e  c e l l  death.  An a n a l y s i s  is  
performed of t h e  major q u a n t i t a t i v e  models fo r  t h i s  r a d i o b i o l o g i c a l  
phenomenon. The e x p e r i m e n t a l l y  d e r i v e d  data i s  r e l e v a n t  t o  t h e  k i n e t i c s  of 
c e l l  p r o l i f e r a t i o n  af ter  i r r a d i a t i o n  and t h e  morphological  m a n i f e s t a t i o n s  
o f  i n a c t i v a t i o n  o f  their  r e p r o d u c t i v e  c a p a c i t y .  The r o l e  of changes i n  DNA 
s y n t h e s i s  i n  d i s r u p t i o n  of p r o l i f e r a t i o n  and ce l l  dea th  a f te r  i r r a d i a t i o n  
i s  considered s e p a r a t e l y .  It is well known t h a t  t h e  major c y t o g e n e t i c  
m a n i f e s t a t i o n  of r e p r o d u c t i v e  cel l  death i n v o l v e s  chrotlosomal a b e r r a t i o n s .  
A s e p a r a t e  chapter describes these chromosome a b e r r a t i o n s .  I n  keeping w i t h  
t he  book's theme, t h e  most detai led c o n s i d e r a t i o n  is  g i v e n  t o  t h e  problem 
o f  the  r o l e  o f  molecular  d i s o r d e r s  of c e l l  genomes and DNA repair  l e tha l ,  
p o t e n t i a l l y  l e tha l  and s u b l e t h a l  damage. The  r e l a t i o n s h i p s  among t h e  
v a r i o u s  types of DNA s t r u c t u r a l  damage and r a d i o b i o l o g i c a l  effects on t h e  
c e l l u l a r  l e v e l  are eva lua ted .  

The nex t  fou r  chapters o f  t h e  monograph examine t h e  problem of 
p o s t r a d i a t i o n  i n t e r p h a s e  dea th  of nond iv id ing  cel ls .  The phenomenology of  
t h i s  t y p e  of death,  i ts  temporal and d o s e - r e l a t e d  characterist ics,  and 
approaches  t o  t h e  m o d i f i c a t i o n  of  t h i s  r a d i o b i o l o g i c a l  effect  are described 
i n  de t a i l .  The q u e s t i o n  o f  t h e  r e l a t i o n s h i p  of i n t e r p h a s e  and r e p r o d u c t i v e  
ce l l  dea th ,  which has r e c e i v e d  l i t t l e  a t t e n t i o n  i n  t he  l i t e r a t u r e ,  i s  
examined. Next the a u t h o r s  p r e s e n t  a de ta i led  d i s c u s s i o n  of the role  of  
m e t a b o l i c  and s t r u c t u r a l  changes of macromolecules and cel l  membranes i n  
t h e  mechanism unde r ly ing  i n t e r p h a s e  dea th ;  i n  p a r t i c u l a r ,  t h e  s i g n i f i c a n c e  
of chromatin d e g r a d a t i o n ,  D N A  repair, s y n t h e s i s  and m a t u r a t i o n  of R N A ,  
p r o t e i n  s y n t h e s i s ,  and energy supp ly  t o  cells .  E x i s t i n g  theories about  t h e  
occurence of t h i s  phenomenon are examined. 
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One of the a u t h o r s  (K.P. Khanson) has  developed an o r i g i n a l  g e n e t i c  
hypo thes i s  concern ing  p o s t r a d i a t i o n  c e l l  death,  which approaches this 
phenomenon as an  a c t i v e  g e n e t i c a l l y  c o n t r o l l e d  process .  Without going 
i n t o  the  d e t a i l s  of this hypo thes i s ,  which i s  l a i d  o u t  i n  Chapter  9 of  t h e  
monograph, i t  should be noted t ha t  it p rov ides  a complete e x p l a n a t i o n  o f  
t h e  expe r imen ta l  fac t s  which have been o b t a i n e d  i n  t h i s  a r ea .  

I n  e v a l u a t i n g  t h e  monograph as a whole, i t  should  be noted t h a t  i t  is 
w r i t t e n  a t  a h igh  s c i e n t i f i c  l e v e l  w i t h  adequa te  c i t a t i o n  of  t h e  e x i s t i n g  
l i t e r a t u r e  on t h i s  i s s u e ,  and tha t  i t  is  well i l l u s t r a t e d  w i t h  a large 
number o f  f i g u r e s .  The p u b l i c a t i o n  of t h i s  book is an impor t an t  
c o n t r i b u t i o n  t o  the  development of molecular and c e l l u l a r  r ad iob io logy  and 
undoubtedly w i l l  s t i m u l a t e  f u r t h e r  r e sea rch  on the problems o f  r a d i a t i v e  
ce l l  death.  
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SPACE BIOLOGY AND MEDICINE 
PAPER : 

P336( 8/66)' Rozhkov SA, Kara-Murza SG. 
A comparison of the biographic citations used by authors of the journals 
"Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina' and "Aviation, 
Space and Environmental Medicine. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
2 0 ( 3 ) :  93-95; 1986. 
13 r e f e r e n c e s ;  1 i n  Eng l i sh ]  

Abstract: T h i s  s t u d y  compared t h e  s o u r c e s  c i t ed  by a u t h o r s  i n  t h e  S o v i e t  
j o u r n a l  "Kosmicheskay Bio logiya  i Aviakosmicheskaya Medits ina" [Space Biology and 
Aerospace Medicine] (KBAM) and its American c o u n t e r p a r t  "Avia t ioc ,  Space and 
Environmental  Medicine (ASEM). The first comparison involved  c o n p i l i n g  
t h e  15 most c i t e d  s o u r c e s  i n  1982 f o r  each j o u r n a l .  The s o u r c e s  f o r  ASEM 
were : 

ASEM i t se l f  (42 .5%);  
J o u r n a l  of Appl ied  Phys io logy  ( %  not  c i ted  ; 
American J o u r n a l  o f  Physiology (5 .6%)  ; 
New England J o u r n a l  of Medicine ( %  no t  c i t e d ) ;  
J o u r n a l  of t h e  American Medical Assoc ia t ion  (3 .3%) ;  
C i r c u l a t i o n  ( 5  no t  c i t ed ) ;  
J o u r n a l  of  Physiology (Locdon) (2 .7%);  
Acta Ota-Laryngology (ca. 2 .65 ) ;  
Annals of t h e  New York Academy o f  Sc iences  ( c a .  2 .6%);  
American Heart J o u r n a l  ( 2 . 4 % ) ;  
B r i t i s h  Medicine J o u r n a l  (ca. 2 .4%);  
Lancet ( c a  2 .3%) ;  
C i r c u l a t i o n  Research (2 .2%) ;  
American J o u r n a l  of  Card io logy  (ca. 2 . 2 % ) ;  
Fede ra t ion  Proceedings ( 2 . 1  % ) . 

The sources  for KBAM were: 
KBAM i t s e l f  (44.1% ; 
ASEN (11 .3%);  
Problemy Kosmicheskoy B i o l o g i i  (Problems i n  Space Bio logy;  

a series o f  c o l l e c t i o n s  and monographs) ( %  not  c i ted)  ; 
I z v e s t i y a  AN SSR ( S e r i y a  b io log icheskaya )  (Kews of t h e  

USSR Academy of Sc iences  ( B i o l o g i c a l  Series) (7 .1%);  
J o u r n a l  of B i o l o g i c a l  Chemistry (ca. 4+%); 
Aviats ionnaya i Kosmicheskaya Medi t s ina  ( A v i a t i o n  and Space 
Medicine,  Proceedings  o f  a 1969 confe rence ) (3 .9%) ;  
L i f e  Sc i ence  Space Research (P roceed ings  o f  COSPAR 

Vl iyaniye  dinamicheskikh f a k t o r o v  komicheskogo p o l e t a  
s e s s i o n s )  (ca. 3.2%) ; 

na organism zhivotnykh (The E f f e c t  o f  Dynamic F l i g h t  
F a c t o r s  on the  Bodies  o f  Animals, Book pub l i shed  1979) 
(ca. 3 % ) ;  

Byu l l e t en '  Eksperimental 'noy B i o l o g i i  i Medi t s ina  ( B u l l e t i n  
o f  Experimental  Biology and Medicine) (2 .8%)  ; 

Voyenno-meditsinskiy Zhurnal  ( J o u r n a l  o f  M i l i t a r y  Medicine) 
( ca .  2 .8%) ;  
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Doklady AN SSSR (Reports o f  t h e  USSR Academy o f  S c i e n c e s )  
(ca. 2.5%) 

Kosmicheskiye Pole ty  na Korablyakh tlSoyuz : Biomedi t s i n s k i y e  
I s s l edovan iya  (Space F l i g h t s  on t h e  Soyuz S p a c e c r a f t :  
Biomedical Research, Book publ i shed  1976) (2.5%) ; 

Laboratornoye Dela (Labora tory  Affairs) (2 .5%) ;  
Osnovy Kosmicheskoy B i o l o g i i  i Medits iny ( P r i n c i p l e s  o f  

Space Biology and Medicine, Book pub l i shed  j o i n t l y  w i t h  US, 
1975) (2 .5%);  

Radiobio logiya  (Radiobiology)  (2 .5%) .  

The o v e r l a p  between t h e  c i t a t i o n s  is 11.3%, a t t r i bu tab le  s o l e l y  t o  t h e  
c i t a t i o n  o f  ASEM by writers i n  KBAM. The a u t h o r s  state t h a t  t h i s  o v e r l a p  
i s  r e l a t i v e l y  low and t h a t  o t h e r  comparable S o v i e t  and American medical 
and b i o l o g i c a l  j o u r n a l s  (e .&,  Journa l  of Organic  Chemistry and i ts  
c o u n t e r p a r t ,  o r  Cancer Research and i ts  c o u n t e r p a r t ) ,  show o v e r l a p s  o f  40- 
50%. However, they  f a i l  t o  d i s c u s s  the  fact  t ha t  the  two j o u r n a l s  are not  
exac t  c o u n t e r p a r t s ,  s i n c e  KBAM focuses  on b io logy  and medicine,  while  
ASEM i s  devoted p r i m a r i l y  t o  medicine. Other s u g g e s t i v e  facts about  t h i s  
comparison not  d i scussed  by the  au tho r s ,  i n c l u d e  t h e  f a c t  t h a t  S o v i e t s  c i t e  
works publ i shed  i n  Eng l i sh  f a i r l y  f r e q u e n t l y ,  while none of  t h e  most 
f r e q u e n t l y  cited works i n  ASEM are Sovie t  p u b l i c a t i o n s .  S o v i e t s  w r i t i n g  i n  
KBAM are much more l i k e l y  t o  c i te  monographs o r  bound proceedings  in their  
pape r s  than  are writers i n  ASEM. Apart from d i f f e r e n c e s  due t o  K B A M ' s  
coverage of  b io logy  as well as medicine, ASEM writers appear  t o  be more 
s p e c i f i c a l l y  focussed  on the  ca rd iovascu la r  system t h a n  writers i n  KBAM. The 
a u t h o r s  compared the c i t a t i o n  o v e r l a p  between t h e  two j o u r n a l s  i n  t h e  
y e a r s  p r i o r  t o  1982 and found t h a t  i t  had decreased s t e a d i l y  from a 
l e v e l  of 25% i n  1979. They a t t r i b u t e  t h i s  d e c l i n e  t o  a s h i f t  away from 
j o u r n a l  (e.g., P h y s i o l o g i c a l  Jou rna l  of t h e  USSR) w i t h  broader  coverage 
t o  c i t a t i o n s  of  s p e c i a l i z e d  j o u r n a l s  and bound volumes (presumably ,  
on the p a r t  o f  KBAN writers). 

Another i n d i c a t o r  v l a lyzed  was the "age" o f  c i t a t i o n s  i n  t h e  2 j o u r n a l s  
ove r  the per iod  1976 - 1982. C i t a t i o n s  i n  KBAM were f u r t h e r  subdiv ided  
i n t o  'Soviet" and ' fore ign"  f o r  t h e  purposes of  t h i s  a n a l y s i s .  Over t h e  
pe r iod  s t u d i e d ,  30.3% o f  S o v i e t  c i t a t i o n s  i n  KBAM, 56.7% of  f o r e i g n  
c i t a t i o n s  i n  the same j o u r n a l ,  and 40.4% o f  c i t a t i o n s  i n  ASEM were over  10 
y e a r s  old. The a u t h o r s  c i t e  w i t h  concern a tendency f o r  mean c i t a t i o n  age 
to i n c r e a s e  over  t h e  pe r iod  s t u d i e d ,  p a r t i c u l a r l y  w i t h  r ega rd  t o  f o r e i g n  
c i t a t i o n s  i n  KBAEI. However, t h i s  tendency is no t  obvious  i n  the d a t a  they  
c i te  (See Table 2 ) .  
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Table 1: Citations i n  KBAM and ASEM oriented to  specif ic  areas 
Year Percent of citat ions of specialized works 

among the most frequently cited works 
KBAM Asnl 

1976 62.6 38.9 
1977 73 e 0  50.3 
1978 72.8 43.6 
1979 69.9 44.8 
1980 76.2 46.8 
1981 69 .O 44.6 
1962 80.6 42.5 

Mean 72.0 44.4 
.................................................. 

Table 2: Percent of bibliographic references to works published 10 
or more years previously among the 15 most frequently cited sources 

Year KBAM ASEM 

1976 23.8 47.4 35.9 
Soviet Foreign 

1977 23.7 56 .O 36.2 
1978 32.8 70.2 41.5 
1979 36 -7 57.4 43.1 

1961 23.3 59.8 42.7 
1982 31.4 55.6 43.8 

Mean 30 - 3  56.7 40.4 

1980 40.4 50.5 39.8 

................................................................ 

Figure: Comparison of the structure of bibliographic citat ions i n  KBAM and 
ASEM i n  1982 
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P337( 8/86)* Gazenko OG, Gurovskiy NN, Gyurdzhian AA. 
Space biology and medicine on the occasion o f  the 25th anniversary of the 
first manned space f l ight  by Yuriy Alekseyevich G a g a r i n .  
Kosmicheskaya B io log iya  i Aviakosmicheskaya Medits ina.  
20(3): 4-12; 1986. 

Abstract: I n  t h i s  ve ry  g e n e r a l  a r t i c l e  t h e  a u t h o r s  rev iew t h e  
accompl ishments  o f  S o v i e t  space b io logy  and medicine over  t h e  p a s t  25 
years .  Four f a c t o r s  are descr ibed as i n f l u e n c i n g  t h e  rap id  and s u c c e s s f u l  
development of t h i s  f i e l d :  the s o l i d  t h e o r e t i c a l  f o u n d a t i o n s  of S o v i e t  
b io logy  and medicine ( t h e  names o f  Pavlov, Vernadskiy and O r b e l i  are ci ted 
here); t h e  s u c c e s s f u l  development of a v i a t i o n  and rocket. tschnology i n  t he  
USSR; t h e  a r s e n a l  o f  methods, d e v i c e s  and expe r i ence  accumulated by 
a v i a t i o n  medicine;  and, f i n a l l y ,  the  enthusiasm of t h e  p r a c t i t i o n e r s  of  
these f i e l d s .  The rate of development of t h i s  f i e l d  can  be i n f e r r e d  from 
the  number of sou rces  publ i shed  over  consecut ive  5-year p e r i o d s  p e r t a i n i n g  
t o  t h e  b iomedica l  and s o c i a l  psychologica l  problems o f  space  f l i g h t .  
Approximately,  4700 such sources  were pub l i shed  i n  1961 t o  1965; ove r  8200 
i n  1966-70 and ca. 10,000 i n  1971-1975. Some of the accomplishments  of  
space b io logy  and medicine c i ted by t h e  a u t h o r s  as having impor tance  
ex tend ing  beyond t h e  space  program are: enhancement of knowledge about  the  
a d a p t i v e  c a p a c i t y  of man and an imals  ( p a r t i c u l a r l y  of t h e  c a r d i o v a s c u l a r  
s y s t e m ) ;  unde r s t and ing  o f  t he  r o l e  of g r a v i t y  i n  e v o l u t i o n ;  developrcent of 
new methods and devices f o r  r a d i a t i o n  p r o t e c t i o n  and data on the ch ron ic  
effects o f  natural r a d i a t i o n ;  g r e a t e r  i m p e t u s  f o r  t h e  s tudy  of  t h e  
b i o l o g i c a l  e f f e c t s  of  a l l  extreme f a c t o r s ;  r e s u l t s  from s tudy  of  t h e  
effects o f  g r a v i t y  t h a t  are of d i r e c t  re levance  t o  c l i n i c a l  biomechanics ,  
t raumato logy ,  o r thoped ics ,  and s p o r t  and f o r e n s i c  medicine;  development o f  
methods o f  p r o t e c t i o n  and norms w i t h  a p p l i c a t i o n s  i n  i n d u s t r i a l  hygiene and 
t r e a t m e n t  of occupa t iona l  i l l n e s s e s ;  c l i n i c a l  o f f s h o o t s  of the s tudy  of 
f l u i d  s h i f t s  i n  space; improved unders tanding  of  normal and p a t h o l o g i c a l  
hemodynamics; f o r m u l a t i o n  of  g e n e r a l i z a b l e  r e q u i r e m e n t s  f o r  s a n i t a r y  and 
hyg ien ic  a s p e c t s  o f  t he  l i v i n g  environment;  development of  means o f  
p r o t e c t i o n  a g a i n s t  t h e  e f f e c t s  of h a m f u l  and t o x i c  s u b s t a n c e s  i n  t h e  
envi ronment ;  improvement of ne thods  and d e v i c e s  f o r  l o c a t i n g  personnel  
l o s t  i n  harsh environments;  improved knowledge of t h e  psychophys io logica l  
c a p a c i t i e s  of  humans and t h e i r  phys io log ica l  and hyg ien ic  r equ i r emen t s ;  
impe tus  f o r  the  r a p i d  development of ergonomics and human performance 
s c i e n c e s ;  be t te r  unders tanding  o f  t h e  nature and consequences o f  
p sycho log ica l  stress, and fatigue r e s u l t i n g  from task performance;  
development of  s t a n d a r d s  f o r  f l i g h t  schedules  f o r  p i l o t s ;  be t te r  knowledge 
of t he  effects  of  prolonged exposure t o  s o c i a l  and p h y s i c a l  i s o l a t i o n ,  a s  
well  as t o  restricted in fo rma t ion ,  s t i m u l a t i o n ,  and motor a c t i v i t y ,  l e a d i n g  
t o  development o f  recommendations f o r  improving psycho log ica l  suppor t  for 
f l i g h t  crews and t h e  psychologica l  a spec t s  o f  crew composi t ion ;  improved 
methods of crew s e l e c t i o n  and t r a i n i n g ;  r e s u l t s  of d i rect  i n t e r e s t  i n  areas 
such as d e t e r m i n a t i o n  of limits and c r i t e r i a  f o r  i d e n t i f y i n g  pa tho log ie s ,  
f u n c t i o n a l  d i s t u r b a n c e s  and p repa tho log ica l  s tates,  as well as normal 
r anges  of f l u c t u a t i o n s  o f  phys io log ica l  parameters f o r  i n d i v i d u a l s  and 
groups;  improved h a b i t a b i l i t y  f o r  l i v i n g  and working envi ronments ;  
development  of rapid methods f o r  performing u e d i c a l  and b i o l o g i c a l  
research; development of a number of new medical d i a g n o s i s  t o o l s  (e.&, 
volume o s c i l l o g r a p h y ,  plethysmography, u l t r a sound  scanning):  g e n e r a t i o n  o f  
new p rovoca t ive  stress tests w i t h  a wide range  of  u ses  o u t s i d e  t h e  space  
program. 
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We have r e c e n t l y  l ea rned  of t r a n s l a t i o n s  of two Russ ian  books i n  space l i f e  
s c i e n c e s  wh ich  are, or  soon w i l l  be, a v a i l a b l e  and which are c e r t a i n  t o  be 
of i n t e r e s t  t o  many of o u r  readers. For f u r t h e r  i n f o r m a t i o n ,  NASA 
personnel  s h o u l d  con tac t :  N A S A  Headquar te rs ,  S c i e n t i f i c  and Technica l  
In fo rma t ion  Branch (Code NIT-4), a t  (202) 453-2912. Other readers should  
direct  i n q u i r e s  to :  

K r s .  I l d i k o  Nowak, Chief 
The Na t iona l  T r a n s l a t i o n  Cen te r  
The John Crerar L i b r a r y  o f  t h e  U n i v e r s i t y  of Chicago 
5730 South E l l i s  Avenue 
Chicago, I l l i n o i s ,  60637 
(312)  962-7060 

We would l i k e  t o  b e l a t e d l y  e x p r e s s  a p p r e c i a t i o n  on behalf  of o u r s e l v e s  and 
o u r  readers t o  Mr. T i m  Rowe o f  N A S A ' s  S c i e n t i f i c  and Technica l  In fo rma t ion  
F a c i l i t y ,  who has brought  t h e  e x i s t e n c e  of  these and p rev ious  Eng l i sh  
t r a n s l a t i o n s  cited i n  t h e  Diges t  t o  ou r  a t t e n t i o n .  

The two books are: 

Sy tn ik  KM, Kordyum YeLm and Nedukha, YeEl, et  al. 
The Plant-Cell wi th  Changes in Geophysical Factors. 
T r a n s l a t i o n  o f :  "Ras t i t l e ' naya  kletka p r i  i z m e n i i  
g e o f i z i c h e s k i k h  faktorov." Kiev: Naukova Dumka; 1984; 366 
pages ( i n  Engl ish) .  Abs t rac ted  a s  M16; i n  I s s u e  2 o f  t h e  
Digest. 

Kubasov VM, Taran VA and Maksimov SN. 
The Professional Training of  Cosmonauts. 
TransJa t ion  of :  l lProfess iona l 'naya  podgotovka kosmonav tov." 
Ploscow: Mashinostroyeniye;  1985; 401 pages ( i n  E n g l i s h ) .  
Abstracted as M67; i n  I s s u e  6 of t h e  Diges t .  

The l i s t  of medical procedures  which  can be performed on  Sovfdt spacecraft 
on t h e  next page comes from t h e  Kubasov, e t  a l .  book. 



MEDICAL PROCEDURES PERFORMABLE OK SOVIET SPACECRAFT 
(From: Kubasov, e t  a l . ,  The P ro fes s iona l  T r a i n i n g  of  Cosmonauts.) 

Note: We have ed i ted  the a v a i l a b l e  t r a n s l a t i o n .  

I. Diagnos t i c  methods recommended for u t i l i z a t i o n  by t h e  crew o f  a 
s p a c e c r a f t .  

Determining s e n s i t i v i t y  t o  microbes 
Determining hemoglobin 
Measuring blood p res su re :  

a r t e r i a l  
p e r i p h e r a l  venous 

Measuring tempera ture  
E lec t roca rd iog raphy  
Analyzing c a r d i a c  f u n c t i o n :  
a t  rest 
d u r i n g  p h y s i c a l  e x e r t i o n  

p r e s s u r e  
Analyzing response  of  c a r d i o v a s c u l a r  system t o  s i m u l a t e d  h y d r o s t a t i c  

Measuring r e a c t i o n  o f  c i r c u l a t o r y  system t o  graded physc ia l  e x e r c i s e  
Echocardiography 
Analyzing ana tomica l -  f u n c t i o n  by u l t rasound 
Measuring body mass 
Measuring changes i n  lower leg volume 
Fiicro b i o l o g i c a l  a n a l y s i s  
Elec t roencephalography 
Analys is  of  blood chemis t ry  
X-ray examinat ion 
Eva lua t ing  state of s k i n  i n  o r a l  c a v i t y  
Measuring l e v e l s  of micro impur i  ties i n  atmosphere of crew Compartments 
Analyzing d i u r n a l  p a t  t e r n s  of  b i o e l e c t r i c  a c t i v i t y  o f  t h e  hear t  
Ea1 li s t o c a r d i o g r a p h i c  a n a l y s i s  
Measuring r a d i a t i o n  dos imet ry  i n  crew compartments 
Eva lua t ing  b i o l o g i c a l  e f f e c t s  of  u l t r a v i o l e t  s o l a r  r a d i a t i o n  
B i o l o g i c a l  a n a l y s i s  of  u r i n e  f o r  eva lua t ing  f l u i d - e l e c t r o l y t e  c o n t r o l  
Analys is  of  carbohydra te  metabolism 
Eva lua t ion  o f  c o l o r  v i s i o n  a c u i t y  
Analys is  of depth  pe rcep t ion  and v i s u a l  r e s o l u t i o n  a t  v a r i o u s  l e v e l s  

Comparison of  tracking performance a t  beginning  and end of  f l i g h t  
Evalua t ion  o f  t o l e r a n c e  t o  a1 tered sleep/waking schedu les  
Study o f  t h e r a p e u t i c  and p rophy lac t i c  effects of pharmacologica l  

of i l l u m i n a t i o n  

countermeasures  

1 0 1  



I1 Medical procedures  pe r fo rmab le  i n  s p a c e  i f  t h e  crew i n c l u d e s  a 
phys ic i an  : 

Clea r ing  a i r  passages:  
through o r a l  c a v i t y  
through i n t u b a  t i o n  
tracheotomy 
l a r y n g e a l  punc tu re  
a s p i r a t i o n :  

of blood or f l u i d  accumulat ion 
t h o r a c e n t e s i s  
p a r a c e n t e s i s  

Blood t r a n s f u s i o r ,  ( f rom crew donor)  
App l i ca t ion  o f  c o l d  t o  i n j u r y  
Admin i s t r a t ion  o f  d rugs :  

o r a l l y  
t o p i c a l l y  
i n  tramuscul a r l y  
i n t r v e n o u s l y  

Applying d r e s s i n g  t o  eye 
Removing f o r e i g n  body from eye, nose o r  t h r o a t  
Recompression 
Trea trcen t o f  hypothermia 
Immobil izat ion:  

s h o r t  - term 
long- term 

I n c i s i o n  f o r  d ra inage  
Intravenous f e e d i n g  
F lush ing  s k i n ,  eyes  or upper r e s p i r a t o r y  t rac t  
La par0 t o my 
Use of g a s t r i c  t ube  f o r  a s p i r a t i o n  o r  f e e d i n g  
Adminis ter ing oxy&en: 
a t  normal p r e s s u r e  
a t  i n c r e a s e d  p r e s s u r e  

Tissue [ a u t o ]  g r a f t  
Asp i r a t ion  : 

from g a s t r o i n t e s t i n a l  t r a c t  
from r e s p i r a t o r y  t r a c t  

App l i ca t ion  of  t o u r n i q u e t  
Trepanat ion 
C a t h e t e r i z a t i o n  of b l a d d e r :  

r epea ted  
permanent 

a n t i s e p t i c  
medical 
vascu la r  l i g a t i o n  
s u t u r i n g  
d r e s s i n g  

Treatment o f  wounds: 



CURRENT TRANSLATED SOVIET LIFE SCIENCE HATERIALS AVAILAELE TO OUR 
READERS 

T r a n s l a t i o n s  of r e c e n t  S o v i e t  p u b l i c a t i o n s ,  i n c l u d i n g  those o f  
i n t e r e s t  t o  s p e c i a l i s t s  i n  s p a c e  l i f e  s c i e n c e s ,  a r e  pub l i shed  by J o i n t  
P u b l i c a t i o n s  Research S e r v i c e  (JPRS). JPRS p u b l i c a t i o n s  may be 
o rde red  from t h e  N a t i o n a l  Techn ica l  I n f o r m a t i o n  S e r v i c e  (NTIS), 
S p r i n g f i e l d ,  V i r g i n i a  22161. The phone number of NTIS i s  (7031-487- 
4600 and t e l ephone  o r d e r s  are encouraged. Each i n d i v i d u a l  i s s u e  of  a 
JPRS report n u s t  be ordered s e p a r a t e l y .  Prices depend on number of 
pages; a r e c e n t  i s s u e  o f  Space Biology and Aerospace Medicine, 
f o r  example, cost $16.00. When o rde r ing ,  i t  is  recommended t h a t  t h e  
JPRS number, t i t l e ,  date and a u t h o r ,  i f  a p p l i c a b l e ,  of p u b l i c a t i o n  be 
ci ted.  An o r d e r  takes 9-30 d a y s  t o  a r r i v e .  Rush orders a r e  p o s s i b l e ,  
but  i n v o l v e  an  a d d i t i o n a l  charge. There  is a s i g n i f i c a n t  and v a r i a b l e  
l a g  pe r iod  between t h e  time a JPRS p u b l i c a t i o n  is  completed and t h e  
time i t  i s  o r d e r a b l e  from NTIS. 

l i f e  s c i e n t i s t s .  These are:  1) Space, 2nd 2) Life Sciences:  
Biomedical  and Behav io ra l  Sciences.  I n  a d d i t i o n ,  JPRS t r a n s l a t e s  t h e  
e n t i r e  i s s u e  of t he  bimonthly Space Biology and Aerospace Medicine. 
A s  a s e r v i c e  t o  o u r  readers we w i l l  r e g u l a r l y  p rov ide  p u b l i c a t i o n  
i n f o r m a t i o n  fo r  these r e p o r t s  and c i t e  the  t i t l es  of a r t i c l e s  selected 
a s  p a r t i c u l a r l y  r e l e v a n t  t o  NASA. T r a n s l a t i o n s  o f  t i t les a r e  those 
o f  JPRS. JPRS e n t r i e s  marked w i t h  * were p r e v i o u s l y  a b s t r a c t e d  i n  t h i s  
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